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(57) Abstract , 

Deoxyribonucleotide 5" triphosphate (dNTP) or ribonucleotide 5' triphosphate (NTP) esters for use in a nucleic acid sequencing 
process without use of a gel and having one of formulae (I), (II), (HI) or (IV). 

(57) Abrege 



L'invention conceme dcs esters de desoxyribonucleotides 5' triphosphates (dNTP) ou ribonucleotides 5* triphosphates (NTP) utilisables 
dans un precede de sequencage d'acides nucleiques sans gel et repondant a l'une des formules (I), (H), (HI) ou (TV). 
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KOUVEAUX DERIVES UTILISABLES 
EN SEQUENCAGE D'ACIDES NUCLEXQUES 

La presente invention est: relative a la synthese de 
2 1 -desoxyribonucleotides-5 ' triphosphates substitues en 
position 3 1 du desoxyribose correspondant aux quatre 
nucleobases A, T, c et G et leur utilisation dans une 
nouvelle methode de seguencage d'acides nucleigues. 

La position 3 ' est esterif iee par un derive 
particulier donnant a chaque nucleotide des proprietes 
fluorescentes specif igues. 

La synthese chimigue d'un tel compose a deja ete 
decrite pour le nucleotide dATP par Safarti et al., J. 
Biol. Chem. (1990), 265 . pp. 18902-18906. 

L ' existence d'un tel compose, ainsi gue l'existence 
de composes voisins avec un ester fluorescent aux 
proprietes spectrales differentes [Hiratsuka (1982) , J. 
Biol. Chem., 257 , pp. 13354-13358] suggere a un 
scientifique averti gue l'on puisse esterif ier en 
position 3* des molecules "reporters" susceptibles 
d' utilisation pour un procede de seguencage faisant 
1' ob jet de la presente invention. 

Ces nucleotides triphosphates esterif ies (3'HRT- 
dNTP) sont des substrats des ADN ou ARN polymerases 
lesguels lorsgu • ils sont incorpores conduisent a la 
terminaison de la chaine polynucleotidigue. 

lis peuvent se preter a trois reactions distinctes, 
a savoir 1 • incorporation par une acide nucleigue 
polymerase dans une chaine en elongation, la deprotection 
de l'hydroxyle en 3» du desoxyribose permettant 
1 • incorporation d'un 3'-RT-dNTP suivant. Ces proprietes 
sont Utilisables dans une nouvelle methode non 
radioactive ne reposant pas sur 1 'utilisation d'un gel, 
pour determiner une seguence de nucleotides ou detecter 
des mutations dans une seguence d 'ADN. 
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Une des caracteristiques essentielles de ces 
nucleotides triphosphates esterifies est la reversibilite 
in situ de cette esterif ication permettant la 
restauration des groupes 3' hydroxy libres, la chaine 
polynucleotidigue pouvant subir a nouveau une elongation 
lors d'une incubation avec un melange de dNTP et d'ADN 
polymerase. 

Chaque ester de nucleotide ayant des proprietes 
f luorescentes specif iques d'une base donnee, il est 
possible, apres elimination et caracterisation de ce 
margueur fluorescent de determiner laquelle des 
nucleobases a ete inseree. 

La reiteration du procede fournit ainsi une methode 
de determination d'une sequence de nucleotides ou de 
detection de mutations ponctuelles dans une sequence de 
nucleotides ou de recherche de variants ou enf in de 
diagnostic de la presence d'une sequence 
oligonucleotidique particuliere dans un echantillon. 

Les techniques de sequencage class ique ont ete 
introduites il y a environ 15 ans par Sanger, F. , 
Nicklen, S. et Coulson, A.R. [(1977) Proc. Natl. Acad. 
Sci. USA 74, pp. 5463-5467], d'une part, et par Maxam, 
A.M. and Gilbert, W. [(1977) Proc. Natl. Acad. Sci. USA 
74, pp. 560-564], d'autre part. 

Le sequencage didesoxy de Sanger est maintenant 
largement utilise et est encore une methode de choix pour 
determiner une sequence de nucleotides a partir d'une 
matrice d'ADN simple brin. 

Brievement, cette methode est la suivante : pendant 
les 4 elongations de chaine enzymatique, les 
didesoxynucleotides sont inseres de facon aleatoire a la 
place de leur desoxynucleotide correspondant . Les 
reactions de sequencage generent un melange complexe qui 
est ensuite resolu par electrophorese sur gel de 
polyacrylamide . 




PCT7FR94/00345 



WO 94/23064 



3 



Cette methode est relativement complexe quant aux 
etapes suivant 1 * incorporation des didesoxynucleotides, 
notamnent pour ce qui est de la resolution sur gel, d'une 
part, et d 1 acquisition de donnees, d 1 autre part. 

On se trouve en effet en presence d'une grande 
diversite de produits generes par 1 • elongation. 

Differentes ameliorations ont ensuite ete apportees 
a cette technique avec l'objectif de simplifier et 
d'alleger les manipulations experimentales gu'elle 
implique. 

Par exemple, dans la demande de brevet EP-0 531 169 
Al, les auteurs ont developpe une technique permettant de 
simplifier et d'af finer l'etape d'electrophorese en 
utilisant les techniques d'electrophorese en champ pulse. 

D'autres perfect ionnements plus recent s des 
techniques de sequencage ont ete decrits dans la 
litterature. Nous en citerons deux : 

- la technique "sequengage de DNA multiplexe" [G.M. 
Church et s. Kief f er-Higgins , science, 240 , pp. 185-188 
(1988)] ; 

cette technique implique la formation de genomes 
artificiels a partir d'un melange de fragments inseres 
dans des vecteurs multiples adjacents a differents 
oligonucleotides marques ; le DNA est ensuite coupe 
chimiquement et subit une electrophorese , puis est 
trans fere sur des membranes et sonde enfin avec des 
oligonucleotides complementaires des sequences marquees 
dans le vecteur ; 

- 1' autre technique, bien connue, a ete decrite dans O. 
Ohara et al. Proc. Natl. Acad. Sci. USA, 86, pp. 
6883-6887 (1989) ; 

cette technique utilise egalement des systemes de 
gel et de membranes permettant de reperer les fragments 
hybrides avec les sondes oligomeriques. 
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Dans la demande de brevet international WO93/02212, 
les inventeurs decrivent un procede d ' amplification et de 
seguencage d'ADN et d'ARN en une seule etape. 

Ce procede impligue 1 1 utilisation d' analogues de 
nucleotides de type desoxy conduisant a la terminaison de 
la chaine et ce, de facon reiteree, la separation des 
produits de la reaction etant faite ensuite sur gel de 
polyacrylamide . 

La technologie du seguencage fait l'objet d» etudes 
intenses, principalement en raison du developpement des 
projets sur le genome. Beaucoup d' ameliorations sont 
orientees vers la methode didesoxy au niveau de plusieurs 
de ces etapes. On pourra citer par exemple les articles 
de venter, C.J. et al. [(1992) T.I.B.S. 10, pp. 8-11], de 
Prober, J.M. et al. [(1987) Science 238 . pp. 336-341] et 
de Mathies, R.A. et Huang, X.C. [(1992), Nature 359 , pp. 
167-169]. 

De nouvelles approches sont en train d ' apparaltre, 
comme le seguencage par hybridation [Strezoska, Z. et al. 
(1991) Proc. Natl. Acad. Sci. USA 88, pp. 10089-10093] ou 
la microscopie a effet tunnel [Driscoll, R. J. et al. 
(1990) Nature 346 , pp. 294-296], lesguelles methodes 
peuvent se developper largement si 1 * electrophorese sur 
gel est eliminee et remplacee par une variante simple et 
peu couteuse, comme celle de 1* invention. 

Pour ce gui est des methodes d * identification d'un 
nucleotide present a une position definie dans un acide 
nucleique, la demande de brevet W093/02212 decrit une 
telle methode d 1 identification par incorporation d'un 
didesoxynucleotide , mais cette methode, si elle permet la 
detection d'une mutation ponctuelle, ne permet en aucun 
cas la determination d'une sequence dans la me sure ou 
aucune possibility de restauration d'un nucleotide normal 
apres incorporation du nucleotide modifie dans la chaine 
en croissance n'est evoguee. De plus, elle necessite de 
positionner 1' amorce a cote du nucleotide d'interet, et 
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ne permet pas de caracteriser des mutations plus 
complexes comme de petites insertions ou deletions. 

Enfin, les didesoxynucleotides sont de fabrication 
et d' utilisation couteuses. 

La demande de brevet WO91/06678 deer it une methode 
d'ADN sans gel et des dispositifs pour mettre en oeuvre 
cette methode. La reaction y implique des dTNP bloques en 
3'. Cependant, les enzymes et leur mode d' utilisation 
cites - notamment la seguenase - ne permettent pas 
1 'utilisation simultanee de nucleotides esterifies en 3', 
ni la mise en oeuvre du procede lorsgue 1 ' ADN a sequencer 
presente des repetitions d'un nucleotide donne ; la 
sequenase possede en effet une activite esterase 
intrinseque. 

Une reaction id6ale de sequencage produirait un seul 
produit d ' addition de f agon controlee , permettant 
1 * identification du nucleotide ajoute, avant la 
repetition du procede, conduisant a une determination de 
la sequence par etape et en temps reel . 

La protection de l'extremite 3" de la molecule d'ADN 
en elongation, laquelle protection etant reversible, 
pourrait etre une methode conf erant les proprietes 
desirees pour une . telle reaction. Si, en outre, chaque 
nucleotide modi fie a l'extremite 3' porte un marquage 
individuel et distinct, on peut ainsi envisager de 
determiner la sequence pas a pas, en temps reel. 

L' invention consiste en la synthese de nouveaux 
derives de dNTP ou de NTP permettant leur utilisation 
comme terminateurs de croissance de chaine d'acides 
nucleiques, cette terminaison pouvant etre reversee par 
hydrolyse chimique ou enzymatique, notamment une 
esterase/ etape du processus etant stable. 

Ces derives peuvent etre avantageusement utilises 
dans tout procede de seguencage tel que cite ci-dessus 
caracterise en ce que le procede utilise ou non un gel a 
une quelconque de ses etapes. 
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L»es dNTP ou les NTP de 1 ' invention sont plus 
particulierement caracterises par le fait qu'ils sont 
esterifies en 3' soit par des anthranylates , soit par 
l'acide caproique amidifie par 4 fluorophores differents 
correspondant chacun a une base, soit enfin par l'acide 
5-amino-2, 5-didesoxy-D-ribonique, soit par l'acide 
6amino-2 , 3 , 6-tridesoxy-D-gluconique , tous deux egalement 
substitues sur la f onction amine par 4 fluorophores 
differents. 

Ces quatre types d' esters etant representes par les 
formules I, II, III et IV suivantes : 
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(III) 
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C OH 
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C— OH 
I 

CH 2 NH-X 



I A , C , G , T [ 




(IV) 



CH 2 NH-X 

La restauration de la fonction hydroxyle en 3 ' du 
sucre peut etre restauree soit par des bases -telle la 
soude, soit par action d'une enzyme egalement dans les 
composes de la formule I et de la formule II. Pour ce qui 
est des composes de f onnules III et IV, 1 • invention 
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consiste en un clivage du fluorophore en un site eloigne 
de 2 ou 3 carbones de la position 3' du nucleotide. 

Cette reaction chimique genere des groupements 
reactifs qui produisent alors une reaction secondaire 
conduisant a la restauration de l'hydroxyle en 3', soit 
deux etapes qui sont : 

- une oxydation du diol vicinal par le periodate, 

une enolisation, puis une /9-elimination de 
1 1 aldehyde ainsi forme en 3 • pour le compose III , 

- une elimination sous 1' action de 1* hydrazine dans 
le cas du compose IV (voir les details dans la 
figure 9) . 

L • invention est egalement relative au procede de 
synthese de ces differentes classes de dNTP esterifies en 
3 ' conduisant a la synthese des 4 esters presentant des 
proprieties f luorometrigues differentes. 

L' invention est egalement relative a la construction 
et a 1 'utilisation d'une amorce en "epingle a cheveux" 
phosphorylee en 5' presentant une partie de sa sequence 
en 3' identique a celle d'une amorce utilisee en PCR pour 
produire la matrice d'ADN a sequencer (voir exemple ci- 
dessous) . 

Le terme d' amorce signifie toute sequence 
d' oligonucleotides qui, hybridee avec une matrice d'acide 
nucleique permet a une polymerase d'initier la synthese 
du brin complement aire. 

Une amorce en epingle a cheveu est liee de facon 
covalente par son extremite 3 • a 1 » extremite 5 ' du brin 
d'acide nucleique portant la sequence recherchee. 

L' utilisation de cette amorce en "epingle a cheveux" 
permet d'utiliser des conditions basiques de deprotection 
de l'hydroxyle en 3' compatibles avec une reiteration du 
procede et ce, sans raj out d' amorce a chaque etape de 
determination indirecte d'un nucleotide insere. En effet, 
la re-hybridation de 1* amorce s'effectue intra- 
moleculairement de facon immediate. 
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Enfin, 1' invention est relative a 1 'utilisation de 
ces nucleotides esterifies dans une roethode de 
determination d'une sequence de nucleotides ne reposant 
pas sur 1 'utilisation d'un gel. Ladite sequence peut etre 
prealablement amplifiee par la technique PCR. 

L' utilisation de ces nucleotides esterifies peut 
ega lenient etre appliquee a la detection de mutations 
ponctuelles ou des petites mutations type deletions ou 
additions, ou enfin a la recherche de variants dans une 
sequence genetique donnee. 

Enfin, ces nucleotides triphosphates modifies 
peuvent etre utilises dans une methode de diagnostic pour 
detecter la presence d'une sequence oligonucleotidigue 
particuliere dans un echantillon. 

Enfin, 1' invent ion concerne une trousse de 
diagnostic comprenant eventuellement une amorce PCR, une 
amorce de sequencage, 4 2 • -desoxyribonucleotides 
esterifies en 3 * de facon reversible, et eventuellement 
une phase solide pour immobiliser 1 ' acide nucleigue cible 
ou 1' amorce, et enfin une acide nucleique polymerase 
choisie en fonction de 1' amorce. 

DESCRIPTION DETAILLEE DE L ' INVENTION ; 

L' invention est decrite plus en detail dans la 
description ci-apres accompagnee des figures dont la 
signification est la suivante : 

- La Figure 1 represente la structure des esters 
d ' anthranylates dans laquelle Rl a R4 representent soit 
un groups -H, soit un groupe -CH 3 selon le 3'-RT-dNTP 
considere, 

. le 3 ' -Ant-dATP : R1=R2=R3=R4=H, 
. le N-methyl-3 '-Ant-dCTP : R1=CH 3 ; R2=R3=R4=H, 
. le 3-methyl-3 '-Ant-dTTP : R1=R3=R4=H; R2=CH 3 et 
. le 5-methyl-3 »-Ant-dCTP : R1=R2=R4=H; R4=CH 3 . 
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Toute autre combinaison de groupes substituants sur 
le cycle anthranylique fait egalement partie de 
1 • invention . 

- La Figure 2 represente la structure des esters d'acides 
caproiques, et une des voies de synthese de ces esters. 

La Figure 3 represente la formule des derives 
esterif ies en 3 ' par 1 ' acide 5-amino-2-5-didesoxy D- 
ribonique substitue sur la fonction amine par quatre 
fluorophores differents, et la methode de restauration de 
la fonction 3 'OH du sucre par action du periodate, puis 
/9-elimination apres enolisation. 

- La Figure 4 represente la cinetique d* incorporation des 
derives 3 '-Ant dATP dans une chaine en elongation, en 
fonction de differentes guantites d'ADN polymerase. 

- La Figure 5 represente 1 • incorporation du 3 ' -Ant dATP 
en presence de differentes ADN polymerases - 1' incubation 
est effectuee 60 minutes a 37 *C avec une unite de chaque 
enzyme . 

- Les Figures 6, 7 et 8 representent trois variantes de 
la methode de sequencage utilisant- les 3'-RT-dNTP de 
1* invention dans lesquelles les symboles ont la 
signification indiquee sous la Figure 6. 

- La figure 9 represente le mecanisme de liberation de 
1' etiquette et de l'hydroxyle en 3' des 2'- 
desoxynucleotides triphosphates acyles en 3 • par 1 1 acide 
6-amino 2 , 3 , 6-tridesoxy-D-gluconique substitue sur la 
fonction amine par differents f luorochromes . 

- Les Figures 10 et 11 representent respect ivement les 
schemas de synthese de la 2 '-desoxyadenosine et de la 
2 ' -desoxy guanos ine triphosphates acylees en 3 1 par 
1' acide 6-amino-caproique substitue par un f luorochrome . 

Les materials et methodes utilises sont les 
suivants: 

- Produits pour la synthese des derives : 

L« anhydride isatoic, 1' anhydride N-methylisatoic, 
l'acide 2-amino-3-methyl-benzoic, l'acide 2-amino-5- 
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methyl-benzoic et 1 ' acide 2-amino-6-methyl-benzoic 
proviennent de chez Aldrich. Les anhydrides 
correspondants ont ete prepares par action du phosgene ou 
du chlorof ormate d'ethyle sur les acides (Erdmann) . Les 
nucleotides triphosphates, dATP, dGTP, dTTP et dCTP 
proviennent de chez Boehringer Mannheim. 

- Reaction d 1 incorporation : 

L'ADN polymerase modifiee depourvue d 1 exonuclease 
(Sequenase 2,0) provient de USB corp. (USA). Les 2 , -3»- 
dideoxynucleotide / 2 • -desoxynucleotide-5 ' -triphosphates, 
AMV-reverse transcriptase, M-MuLV reverse transcriptase 
proviennent de Boehringer (FRA) . L'ADN polymerase T7 
provient de Pharmacia (France), l 1 enzyme de Klenow 
provient d'Amersham (France). Une unit£ est l'activite 
enzymatique qui incorpore 1,0 nmole de nucleotides totaux 
dans un produit insoluble dans 1* acide en l minute a 37 *C 
avec du poly(d(A-T)) comme matrice. 

Les billes magnetiques revetues de streptavidine 
(M-280 Dynabeads) proviennent de Dynal (Norvege) . Les 
a- 32 P-dCTP (3000 Ci/mmole) , ct- 35 S-dATP (600 Ci/mmole) , 3 H- 
dGTP (14 Ci/mmole), 3 H-dCTP (17 Ci/mmole), 3 H— dTTP (45 
Ci/mmole) proviennent d'Amersham (France). 

Les oligonucleotides sont synthetises avec un 
synthetiseur ABI et purifies avant emploi. 

- Mesures spectrales : 

Les spectres d' absorption sont enregistres a 25 *C 
dans un spectrophotometre a double faisceau en presence 
de Tris-HCl 50 mM (pH 8,0). Les spectres d' emission de 
fluorescence et les spectres d' excitation sont mesures a 
25 *C dans un spectrophotometre a fluorescence Perkin- 
Elmer LS50B. Tous les derives d' acide libre sont excites 
a 310 nrn, tandis que les derives 3 • -anthranyloyles et 
3 ' -methylanthranyloyles des desoxynucleotides sont 
excites a 330 nm. Les largeurs de fente pour 1' excitation 
et 1' emission sont de 2,5 nm. 
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Les longueurs d 1 ondes d 1 absorption et d' emission 
pour chacun de ces derives dNTP anthranyloyles , comparees 
a celles des derives non substitues sont resumees dans le 
tableau I suivant dans lequel Rl , R2 , R3 et R4 
correspondant aux residus de la Figure l. 

TABLEAU 1 







Free 


Acids 






|3'-RT- 


dNTP 




Rl 


R2 


R3 


R4 


absorption 


Xmax* 

emission 


dNTP 


absorption 


Xmax* 

emission 
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H 


H 
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315 


396.5 


[dATP 


333 


427 


CH 3 
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H 




416.5 


dGTP 


356 


444 
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CH3 
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H 


312 


403 I 


dCTP 




432 
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CH 3 


H 


317 


409 1 


dCTP 






H 


H 


H 


CH3 


289 


403 1 


IdTTP 




435 



- Synthese, purification et caracterisation des 2 ■ - 
desoxynucleotide-5 • -triphosphates marques en 3« de facon 
reversible (3 »-RT-dNTPs) : 

a) Anthranylate dATP : 

L» anthranylate dATP a ete prepare a partir dATP et 
d" anhydride isatoigue par un procede similaire a celui 
decrit par Hiratsuka [T. Hiratsuka (1982) J. Biol. Chem. 
257, pp. 13354-13358] pour la synthese de 1 'anthranylate 
ATP et a ete purifi6 par chromatographic sur Lichroprep 
RP18 (25-40 /itm) , en utilisant 1 mM d« acetate de 
triethylammonium comme eluant. 

Le dATP n'ayant pas reagi est elue en premier. 
L 1 Ant-dATP est ensuite elue avec un melange d« acetate de 
triethylammonium 1 mM et d ' acetonitri le (9:1 v/v) . Les 
fractions contenant 1'Ant-dATP pur sont testees en 
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chromatographic en couche mince sur des gels de silice en 
utilisant comme solvant le melange CHCl 2 /MeOH/NH 6 OH 
(65:35:10, v/v/v) , puis lyophilisees . 

20 mg de nucleotide pur (0.032 mol) sont obtenus a 
partir de 24 mg de dATP (0.04 mol) , ce qui represente un 
rendement final de 80%. 

L'identite et la purete du compose sont verifiees 
par spectrophotometrie UV (A 253 /A 333 = 4 . 3, C 253 mM=20) , par 
spectrometrie de masse (FAB+) M+ 610, m/e 611, (M+H)+. 

Les proprietes spectrales du produit en RMN du 
proton et du phosphore sont les suivantes, a 300 MHz: 
(300MHz; D 2 0) 8.44<s\ 1H, H-8) , 8.11 (s, 1H, H-2), 7.83 
(d, 1H, H-6A) , 7.24 (t, 1 H, H-4A) , 6.72 (d, 1H, H-3A) , 
6.66 (t, 1H, H-5A) , 6.48 (dd, 1H, H-l) , 5*62 (dd, 1H, 
H-3«), 4.38 '(a, 1H, H-4'), 4.19 (m, 1H, H-5»), 4.09 (m, 
1H, H-5"), 2.83 (m, 1H, H-2'), 2.69 (m, 1H, H-2"). 
3 P (121.5 MH 2 ; D 2 O)-10.02(d, P7) , -10.84 (d, Pa), -22.48 

(t, P/J). 

b) Anthranylates de dCTP, dGTP et de dTTP : 

La synthese, la purification et la caracterisation 
ont ete effectuees par des methodes similaires. 

Les 3-methyl, 5-roethyl et 6-methyl isatoic 
anhydrides ont ete prepares par le procede decrit par 
Erdmann [E. Erdmann (1899) Berichte 2, PP- 2159-2172]. 

Leurs proprietes spectrales ont egalement ete 
mesurees, ainsi que celles du N-methyl Ant-dGTP, du 3- 
methyl Ant-dCTP, du 6-methyl Ant-dTTP et du 5-methyl 
Ant-dCTP. 

c) synthese des esters de dNTP et d'acide caproique, 
amidifies par les fluorophores : 

Le schema est represente dans la Figure 2. 

L'hydroxyle en 5' du 2' -desoxy- nucleoside est 
protege par un groupement dimethoxytrityle et l'alcool en 
position 3' est esterifie par action de 1' anhydride de 
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l'acide caproique dont 1 ' amine a ete prealablement 
bloquee par un groupement benzyloxycarbonyle. L'alcool 
primaire en 5' est libere en milieu faiblement acide puis 
phosphoryle. La fonction amine de l'ester caproique est 
liberee par hydrogenolyse, puis substitute par le 
f luorophore. 

Dans une derniere etape, le monophosphate active 
sous la forme phosphoroimidazolate, est transforme en 
triphosphate par action du sel de tetra- tri- n- 
butylammonium de 1 1 acide pyrophosphorique . 

d) Synthese des purines triphosphates acylees en 3 1 
par l'acide 6-amino-caproigue substitue par differents 
fluorochromes : 

2 ' -desoxy-adenosine (figure 10) : 

L'hydroxyle en 5' de la 2 ' -desoxy-adenosine acylee 
en 3 * est phosphoryle par la chlorure de dibenzyle 
phosphate ; le phosphate et l" amine sont liberes par 
hydrogenolyse . 

2 '-desoxy-guanosine (figure 11) : 

Le cas de la 2 '-desoxy-guanosine est particulier; en 
effet, le chlorure de dibenzyle phosphate ne reagit pas 
avec le 5 'OH. II a ete phosphoryle par action du 
cyanoethyle phosphate en presence de dicyclocarbodiimide. 
Au cours de 1 ' hydrogenolyse du groupement 
benzyloxycarbonyle, le phosphodiester est transforme en 
phosphomonoester, par elimination intra-moleculaire du 
groupement cyanoethyle. Un schema de synthese est 
represents sur la Figure 11. 

- incorporation des 3 • -RT-dNTPs : 

Environ 2 picomoles d'un 21-mer- 5'-biotinyle (5'- 
Bio-ATACTTTAAGGATATGTATCC-3 ' ) sont liees a des M-280 
Dynabeads de la facon decrite par le fabricant et 
hybridees avec un exces (environ 50 pmoles) d'un 
oligonucleotide complementaire presentant une queue 5' 
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(dT) 10 , (dC) 5 , (dG) 5 ou (dA) 5 . L'hybridation est faite 
pendant une heure a temperature ambiante en presence de 
NaCl 1M, de Tris-HCl 5 mM (pH 7,5) et d'EDTA 0,5 xnM. 
Apres elimination de 1 • oligonucleotide non lie, les 
billes lavees sont mises sous suspension dans du tampon 
fourni par le fabricant et incubees en presence de 500 juM 
d'un 3'-RT-dNTP unique et d'ADN polymerase a 50 *C. La 
reaction est terminee avec 20 mM d'EDTA, 0,01% de Triton 
X-100, les billes lavees et leur concentration determinee 
au microscope avec une cellule hematocyter avant d'etre 
essayees pour determiner 1 ' incorporation de la 
radioactivite (voir ci-apres) . 

Comme ces analogues de nucleotides ne contiennent 
pas de groupe 3' -hydroxy, leur incorporation dans un brin 
d'ADN d' elongation aboutit a la terminaison de la chaine. 
Ceci est montre dans la Figure 4, dans laquelle un 
substrat d'ADN est d'abord traite avec un 3'-RT-dATP et 
une ADN polymerase Taq pendant des periodes de temps 
differentes, avant d'etre lave et essaye pour determiner 
les groupes 3» -hydroxy libres disponibles pour 
1' elongation de chaine. 

Dans ces conditions, environ 80% du substrat d'ADN 
sont blogues pour une elongation supplement a ire dans les 
10 minutes avec 10 unites d' enzyme, puis il y a une 
diminution lente reguliere de la quantite de groupes 3»- 
hydroxy disponibles. Lorsque les 3 '-RT-dGTP, 3*-RT-dTTP 
ou 3 • -RT-dCTP sont testes avec leurs matrices 
respectives, des profils similaires sont obtenus. Si un 
3 ' -RT-dNTP donne est incube avec une ADN polymerase et 
une matrice qui ne correspond pas a son propre 
appariement de bases, aucune terminaison de chaine 
ulterieure n'est observee, ce qui indique que le groupe 
3 ' ne modifie pas le mecanisme de reconnaissance de 
1* enzyme. 

Ces resultats montrent que malgre un groupe 3 ' 
relativement volumineux, ces nucleotides modifies sont 
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encore acceptes par 1' enzyme. De nombreux analogues de 
nucleotides de terminaison de chaine sont des substrats 
pour differentes ADN polymerases. On a montre gu'il 
apparait un appariement de bases correct du substrat 
nucleotide avec son brin d'ADN servant de matrice et la 
formation de liaison phosphodiester meme avec des 
enantiomeres de j9-L-ribosides [Van Draanen, N. et al. 
(1992) J. Biol. Chem. 267, pp. 25019-25024], ce qui 
indique que la liaison de la portion sucre par 1 'enzyme 
n'est probablement pas specif igue. 

Les nucleotides modifies de 1' invention sont en 
outre acceptes comme substrats par plusieurs ADN 
polymerases . 

La Figure 5 montre que des analogues synthetises ici 
sont des substrats pour differentes ADN polymerases, la 
Sequenase et la M-MuLV reverse transcriptase etant les 
plus et moins efficaces dans les conditions testees ici, 
respectivement . Une ADN polymerase T7 non modifiee, une 
Taq polymerase et un fragment de Klenow d'ADN polymerase 
I commercialise, sont aussi capables d'utiliser ces 
substrats. La Demanderesse n'a pas essaye d'optimiser 
1 * incorporation avec une ADN polymerase donnee pour ce 
qui est de l'activite 3' — > 5 '-exonuclease, 1' aptitude 
au traitement en fonction de la distributivite, ou les 
cinetiques de condensation. 

Cependant, il apparait clairement que le procede ne 
peut etre reitere pour la base suivante que si 1' enzyme 
condense ef f icacement le nucleotide en 3 ' et ne possede 

pas d'activite exo 3' > 5' qui puisse enlever le 

nucleotide neocondense. 

II apparait aussi crucial pour le procede decrit ici 
que 1 * ADN polymerase ne possede pas d'activite esterase 
intrinseque a sa chaine polypeptidique . 

Une telle activite existe chez le fragment de Klenow 
et chez la T7 ADN polymerase, modifiee ou non. 
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Cette activite est independante du degre de 
purification de 1» enzyme, et done portee par la meme 
proteine que celle possedant 1' activite polymerase. 

Comme cette activite esterase s'exerce en cours de 
polymerisation lorsgu'un nucleotide apparie correctement 
et esterifie en 3 1 , cette activite esterase rend 
impossible le control e de la terminaison de chaine 
lorsque les 4 3'-RT-dNTPs sont utilises en meme temps. 

Cependant, la Tag ADN polymerase ne possede pas 
cette activite esterase sous certaines conditions de 
reaction comme celles decrites ici, et est done 1 • enzyme 
de choix pour le procede de sequencage decrit ci-apres. 

- Elimination des marquaurs fluorescents et re s t aura t ion 
de l'hydroxyle en 3* : 

a) Esters d 1 anthranylates : 

A cette etape, un margueur porte en 3' par le 
nucleotide insere aurait deux roles majeurs en 
etablissant une distinction entre les guatre nucleobases 
possibles inserees et en bloguant un procede ulterieur 
d' elongation. L 1 elimination du margueur va fournir une 
identification indirecte de la base inseree ainsi que la 
regeneration d»un groupe 3 1 -hydroxy libre disponible pour 
la repetition du procede. 

La nature de la liaison chimique entre la parti e 
ribosyle et les substituants anthranyloyles est 
particulierement importante. Les esters carboxyliques 
sont f acilement hydrolyses par des quantites equivalentes 
d'ions hydroxyde compatibles avec la stabilite chimique 
des ADN monocatenaires [Nucleic Acid Chemistry, Townsend, 
L.B. and Tipson, S.R. eds., John willey and Son, New-York 
et Jendks, W.P. (1969) Catalysis in Chemistry and 
Enzymology, Dover publication, Inc. , New-York] . De plus, 
de nombreuses differentes esterases et des serine 
proteases catalysent l'hydrolyse d'une large variete de 
ces esters [Heymann, E. et Mentlein, R. (1981) Methods 
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Enzyrool. 77, pp. 333-344], comme le fait la proteinase K 
sur un 3 • -anthranyloyl-2 ' -dAMP du type I et II decrit 
page 6. II pourrait etre possible d'esterifier la 
position 3' avec un marqueur portant un bras d'espacement 
concu specif iquement pour pouvoir etre facilement et 
efficacement elimine, soit enzymatiguement , soit 
chim iquement. 

Ensuite, le 3'-RT-dAMP est ajoute au groupe 3'- 
hydroxy libre d'une matrice d'ADN comme cela est decrit 
plus haut et 1' ester carboxylique ensuite hydrolyse avec 
de l'hydroxyde de sodium 0,1 M pendant 5 minutes a 37 *C 
(Tableau 2) . Apres re-hybridation du brin complementaire, 
I'ADN polymerase pourrait incorporer entre 83 et 103% de 
radioactivite par rapport a la meme matrice qui n'a pas 
ete bloquee en 3 ' . Le fait que 1 1 on ne recupere pas 
toujours 100% pourrait provenir d'une re-hybridation 
incomplete de 1 'oligonucleotide plus que du traitement 
alcalin dur. Pes conditions analogues d'hydrolyse d'un 
ester de ribosyle ont ete rapportees par d'autres 
[Palbriard, J.G. , Posternak, T. and Sutherland, E.W. 
(1967) Biochim. Biophys. Acta 148 , pp. 99-105 et 
Hiratsuka, T. (1982) J. Biol. Chem. 257 , pp. 
13354-13358]. La Demanderesse n'a pas observe une notable 
difference d'efficacite de 1' hydrolyse d' ester entre les 
quatre 3 ' -RT-dNTPs incorpores. 

b) Esters de 1 • acide caproique : 

La liberation de 1' acide caproique substitue par le 
fluorophore est realisee par action d'une enzyme, par 
exemple une lipase ou une hydrolase. 

Afin de faciliter la deprotection du phosphate, 
notammen't pour application a des quantites de produits 
plus importantes, nous nous sommes orientes vers une 
autre methode qui utilise comme agent de phosphorylation 
(P.T. Gilham et H.G. Khorana. J.A.C.S. 1958, 
80:6212-6222), le chlorure de dibenzyle phosphate 
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(compose B; figure 9). Bien qu'elle soit assez limitative 
(48%) pour la synthese, cette solution off re un avantage 
non negligeable. En effet, a partir du compose (11) , on 
obtient le compose (12) en une seule etape 
d'hydrogenolyse effectuee dans des conditions douces 
(temperature ambiante et pression atmospherigue) . 
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Pour la deprotection du compose (11) , par 
hydrogenolyse (P.T. Gilham et H.G. Khorana. J.A.C.S. 
1958, 80:6212-6222), nous avons essaye plusieurs 
conditions experimentales : 

- plusieurs solvants; acetate d'ethyle, ethanol, 
ethanol a 90% et tetrahydrof uranne ; 

- deux catalyseurs ; palladium sur charbon et sur 
sulfate de barium. 

L' ethanol a 90%, en presence de palladium sur 
sulfate de barium, s'est avere etre le solvant ideal. En 
effet, dans celui-ci, la deprotection totale (perte des 
benzyles et du benzyl oxycarbonyle) est quantitative et 
l'isolement du phosphomonoester, esterifie en 3' (compose 
12) est assez aise. 

Pour la thymidine, nous avons choisi de lui assigner 
comme etiquette la fluoresceine ( iNTERBIOtech . Molecular 
Probes; "1992-1994 Handbook of fluorescent probes and 
research chemicals". 1992, 20-41) (FITC) , celle-ci 
repondant aux criteres etablis precedemment : 

- etiquette non radioactive ; 

- absorption (£ = 76. 10* 3 1. mol^.cm" 1 a A Bax =495 nm 
dans le DMF et a pH=9) et emission a ^^=519 nm, toutes 
deux e levees. 

Generalement, une fonction amine reagit avec une 
fonction isothiocyanate a un pH voisin de 11 (cette 
reaction a deja ete realisee au laboratoire (S.R. Sarfati 
et A. Namane, Tet. Let. 1990, 33. l2581 "" 2584 ) . Or, nous 
savons qu'a ce pH la chaine aliphatique greffee en 3' est 
hydrolysee. Pour pallier cet inconvenient, nous avons 
fait agir le compose (12) avec la 5-isothiocyanate- 
fluoresceine dans un melange pyridine/ eau, a temperature 
ambiante. Ces conditions ont ete decrites pour l'acide 
6-amino-caproique et la 5-isothiocyanate-f luoresceine par 
F.S. Wusteman et P. Gacesa (Carbohydrates Research, 1993, 
241 :237-244) (schema ci-dessous) . 
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Cette methode nous a permis, a la fois de ne pas 
observer la formation de TMP, comme cela a lieu en milieu 
alcalin et de recuperer la fraction du compose (12) qui 
n'avait pas reagi. Par ailleurs, les difficultes que nous 
avons rencontrees, vis-a-vis de la solubilite du produit 
nous ont amenes a evaluer le rendement par 
chromatographic liguide a haute performance (CLHP) sur 
une colonne a polarite de phase inversee et a ne purifier 
par ce aoyen que la guantite necessaire a la 
caracterisation du produit. 
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A partir du compose (13), nous avions deux 
possibilites pour realiser le triphosphate de 1' analogue 
de la thymidine (compose 14) . Une premiere methode 
consiste a preparer le phosphoromorpholidate et a 
deplacer la morpholine par le sel de tetra-tri-n- 
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butylammonium de 1 ' acide pyrophosphorique (J.G. Moffat et 
H.G. Khorana, J.A.C.S., 1961, 83:649-658), une seconde a 
traiter le compose (13) par le carbonyldiimidazole, puis 
a deplacer 1' imidazole par le meme sel d' acide 
pyrophosphorique (Y. Tor et P.D. Dervan, J.A.C.S., 1993, 
115 :4461-4467 ; R. Tipson et B. Townsed, Nucleic Acid 
Chemistry, Part 4 (Wiley-Interscience Publication, New- 
York) 1991, 337-340). 

Nous avons choisi cette seconde methode, en raison 
des conditions basiques et de temperature elevee 
necessities par la premiere, susceptibles d'hydrolyser la 
chaine aliphatigue placee en 3 • . Cette etape a ete 
realisee sur une petite echelle et sur le 
phosphomonoester (compose 13) non purifie, sachant que 
l'isolement du compose (14) necessiterait une 
purification par CLHP. 

Un autre mode de protection particulierement 
avantageux est represents par la synthese des analogues 
triphosphates de la 2 '-desoxycytidine ; l'avantage de 
cette methode en est que les quatre groupements 
hydrogenalisables du compose (19) peuvent etre elimines 
en une seule etape qui est 1' etape (e) . 

» 

- synthese des analogues triphosphates de la 2 • - 
desoxycytidine : 

Partant de dc, nous avons protege, a l'aide du 
l-( benzyl oxycarbonyl) 3-ethylimidazolium tetrafluoro- 
borate, 1' amine aromatique portee par la base selon les 
conditions de Rappoport et al. (B.E. watkins, J.S. Kiely 
et H. Rappoport, J.A.C.S., 1982, 104 :5702-5708) et la 
fonction alcool primaire 5' par dimethoxytritylation 
(M.J. Gait, Oligonucleotides synthesis a practical 
approach (IRL Press at Oxford University Press), 1984, 
27-34 et 51 ; H. Schaller, G. Weimann, B. Lerch et H.G. 
Khorana, J.A.C.S. 1963, 85:3821-3827) (compose 16; figure 
11) . 



WO 94/23064 



PCT/FR94/00345 



24 

Nous avons ensuite introduit la chaine aliphatique 
par action de 1' anhydride (6') sur le compose (16) (D.H. 
Rammler et H.G. Khorana, J.A.C.S. 1963, 85:1997-2002) . 
Cette synthese du compose (17) a aussi ete real i see par 
acylation "directe" du compose (6) sur le compose (16) , 
en presence de l, 8-dicyclohexylcarbodiimide (DCCI) , dans 
des conditions stoechiometriques et avec un rendement 
equivalent (85%) . 

Apres deprotection de la fonction hydroxyle primaire 
5' du compose (17), effectuee en milieu acide comme 
decrit (M.J. Gait, Oligonucleotides synthesis a practical 
approach (IRL Press at Oxford University Press), 1984, 
27-34 et 51 ; H. Schaller, G. Weimann, B. Lerch et H.G. 
Khorana, J.A.C.S. 1963, £5:3821-3827), nous avons 
phosphoryle le compose (18) par action du chlorure de 
dibenzyle phosphate (P.T. Gilham et H.G. Khorana. 
J.A.C.S. 1958, 80:6212-6222) (compose B ; figure 9). 
Cette etape, assez limitative (48%), a permis d'obtenir 
le compose (19) attendu. Sa deprotection, par 
hydrogenolyse (P.T. Gilham et H.G. Khorana. J.A.C.S. 
1958, 80:6212-6222 ; B.E. Watkins, J.s. Kiely et H. 
Rappoport, J.A.C.S. , 1982, 104 :5702-5708 ; J.H. Rigby, 
T.li. Moore et S. Rege, J.O.C. 1986, 51:2400-2402), a ete 
realisee dans des conditions identigues a celles 
employees pour 1 1 analogue de la thymidine et avec un 
rendement eleve (78%) . 
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NHR 4 




NHRt CT NHR, 
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16. R 2 =DMTr: 17. R 1= R 4 = CBz; R 2 = DMTr 

R 4 =CBz 



I' 



NH 2 NHR 4 



O o 
20 19 R 1= R 4 = CBz 

(a) : 6; DCCI; DMAP; CH 3 CN: 25° C. 

(b) : 6": DMAP; CH 3 CN; 25° C. (C): PhS0 3 H 2%; CH 2 CI 2 70 / MeOH 30. 
(d): B; pyridine; N 2 : -20° C. (e): Pd/BaS0 4 ; H 2 ; EtOH 90%. 



Nous avons ensuite choisi dans un premier temps 
comme etiquette de la 2 ' -desoxycytidine (dC) , l'acide N— 
methyl isatoigue (figure 13) pour plusieurs raisons : 

- 1' action de 1' anhydride N-methylisatoique 
n'affecte pas 1' amine aromatigue portee par la base 
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pyrimidigue de dC (B. Canard et R.S. Sarfati, 1994 (Gene, 
sous presse) ; 

- cette etiquette, excitee a ^^=3 38 nm, eraet a une 
longueur d'onde, A max =416,5 nm, distincte de celle de la 
fluoresceine (A.^ d * emission=519 nm) ; 

- la synthese du compose (21) nous permettrait de 
verifier rapidement si notre strategie pour obtenir le 
triphosphate, a partir du monophosphate etiguete en 3' 
par 1 • intermediaire de la chaine aliphatique (compose 6), 
etait bonne. 

A partir du compose (21) synthetise dans les mimes 
conditions experimentales que pour 1' analogue de la 
thymidine avec la 5-isathiocyanate- fluoresceine (F.S. 
Wusteman et P. Gacesa Carbohydrates Research, 1993, 
241 :237-244) , nous avons prepare le triphosphate, par 
traitement successif du compose (21) avec le 
carbonyldiimidazole et avec l'acide pyrophosphorique, sel 
de tetra-tri-n-butylammonium (Y. Tor et P.D. Dervan, 
J.A.C.S., 1993, 115 ; 4461-4467 ; R. Tipson et B. Townsed, 
Nucleic Acid Chemistry, Part 4 (Wiley-Interscience 
Publication, New-York) 1991, 337-340). Le compose (22), 
ainsi obtenu, a ete purifie par chroma tographie et 
caracterise par resonance magnetique nucleaire du 
phosphore . 

Ces bons resultats ont incite a etiquetter, 
egalement, le compose (20) avec la rhodamine 
(INTERBIOtech. Molecular Probes; "1992-1994 Handbook of 
fluorescent probes and research chemicals". 1992, 20-41). 
En effet, cette derniere fluoresce beaucoup plus 
fortement que l'acide N-methylisatoxque et a une longueur 
d'onde, tou jours distincte de celle de la fluoresceine, 
A ma xd'emission=596 nm. 

En raison de la faible solubilite du compose (23) , 
seulement, une fraction a ete purifiee par CLHP pour le 
caracteriser . 




(a) : anhydride N-methylisatoique; pyridine/eau; 25° C. 

(b) : carbonyle diimidazole: DMF; 25" C. 

(c) : P 2 0 7 ' i {Bu 3 N H 'H)4; DMF; 25° C. 

(d) : chlorure d'isothiocyanate de rhodamine; pyridine/eau; NaHCOa; 25"C. 



c) Esters de l'acide 5-amino-2 , 5-didesoxy D- 
ribonique : 

Le schema de la Figure 3 indique comment la 
liberation et la restauration du groupe hydroxyle sont 
realisees : le diol vicinal est oxyde par le periodate, 
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cette oxydation conduisant, d'une part, a un aldehyde 
substitue par le fluorophore dont 1» absorption et 
1' emission de fluorescence peuvent etre mesurees par les 
methodes decrites plus haut, et, d' autre part, a un 
oligonucleotide substitue par un aldehyde, leguel, apres 
enolisation, est elimine par ^-elimination, liberant 
ainsi l'hydroxyle en 3 * . 

L' utilisation d'une oxydation par le periodate est 
compatible avec une nouvelle elongation sans re- 
hybridation de l» amorce puisgue ces conditions ne 
denaturent pas l'ADN double chaine tel 1' amorce hybridee 
sur la mat rice a sequencer. 

L« ensemble des operations peut etre ainsi reitere 
jusgu'a ce gue la sequence d'interet soit entierement 
seguencee. 

Le schema de la figure 9 illustre bien les avantages 
de ce type de composes ; en effet, en synthese 
oligonucleotidigue, les sucres sont souvent 
temporairement proteges sous la forme d« esters de l'acide 
levulinigue, les levulinates (J.H.' VanBoom et al., 
Tetrahedron Lett. 4875 (1976)). Entre autres interets de 
ces esters, la deprotection des alcools est quantitative 
en 1 minute, a pH neutre et a temperature ambiante. Dans 
ces conditions, les oligonucleotides sont stables. 

Les nucleotides acyles en 3* par l'acide 6- 
amino-2 , 3 , 6-tridesoxy-D-gluconigue oxydes par le 
periodate, liberent guantitativement le fluorochrome et 
un ester gui ne differe de 1' ester levulinigue gue par le 
remplacement d'un methyle par un hydrogene (une cetone 
par un aldehyde) . 



wo 




Les alcools sont regeneres par le mecanisme suivant: 
dans un melange hydra zine-pyridine-acide acetique-eau, a 
pH neutre, la fonction cetone est trans formee en 
hydrazone, le doublet libre sur 1' azote attague le 
carbonyle et l'alcool est libere. 



FEUILLE DE REMPLACEMENT (REGLE 26) 
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Les hydrazones se forment plus facilement a partir 
des aldehydes que des cetones, la restauration du 3* -OH 
devrait done etre plus rapide a partir d'un aldehyde. 

Ce type de composes presente done de nombreux 
avantages : ils sont deprotegeables rapidement a 
temperature ambiante, a pH neutre et surtout 
quantitat ivement . 

~ Exemple d'un secruenqage de nucleotide le long du gene 
rpoB d'une souche resistante a la rifampicine de 
Mycobacterium leprae : 

La demonstration que le precede decrit ci-dessus 
peut etre utilise pour identifier les sequences de 
nucleotides dans un melange complexe d'acides nucleiques 
simple chaine dans un tube ou dans une colonne, laquelle 
methode evite l'etape d » electrophorese en gel de 
polyacrylamide, est illustree par 1* exemple ci-dessous. 
1) Echantillon d'ADN et cible de sequencage : 
Dans cet exemple, la sequence nucleotidique destinee 
a etre analysee est une partie du gene de la sous-unite /3 
de l'ARN polymerase de Mycobacterium leprae (rpoB) . 
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Un changement d'un amino acide dans le codon 425 
dans le gene confere a la bacterie une resistance a la 
rifampicine. Des mutations aux positions 1, 2 ou 3 dans 
le codon sauvage ont ete deja decrites et qui remplacent 
une serine par une leucine, une phenylalanine ou 
methionine [Honore N. et Cole S.T. (1993) , Antimicrobiol. 
Agence and Chemotherapy 37, n* 3, pp. 414-418]. 

Le materiel biologigue de depart est obtenu comme 
decrit dans la reference ci-dessus mentionnee ; 
brievement, des cellules de M_;_ leprae resistantes a la 
rifampicine sont extraites de la plante de pied de souris 
et sont lysees par une technique de 
congelation/ ebullition et les echantillons soumis a une 
amplification par PCR en utilisant les amorces 1 et 2 
specif iques du gene rpoB. Le produit d » amplification est 
ensuite analyse par electrophorese en gel d' agarose et 
utilise comme un echantillon d'ADN de depart dans le 
present exemple. 

2) Amorce oligonucleotidique : 

L* amorce 1 et le Brpo B22 de la reference ci-dessus. 
C'est une amorce 5' biotinylee avec la sequence suivante: 
5 • -CAGGACGTCGAGGCGATCAC-3 • . 

L' amorce 2 est choisie dans la sequence adjacente au 
nucleotide a analyser dans le codon 425 du gene rpoB. 

II est constitue de 21 nucleotides avec la sequence 
suivante : 

5 '-CAAACCACCCGGGCCCAGCGC-S » 
laquelle sequence correspond au type sauvage du gene rpoB 
de leprae en aval du codon 425. 

L' amorce 3 est 1* amorce en "epingle a cheveux" 
decrite dans le texte ci-dessus et dans la Figure 7. 

Son extremite 5 ' est phosphorylee et a la sequence 
nucleotidique suivante : 

5 • -GGGCGGCGGGGCTTTATTTGCCCCGCCGCCCCAAACCACCCGGGCCCAGCGC-3 • . 

Ces amorces ont ete obtenues sous une forme purifiee 
aupres de la Societe GENSET corp. (Paris, France). 
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3) Preparation des matrices pour le seguencage : 
Les amorces 1 et 2 sont utilisees exactement comme 

decrit dans la reference ci-dessus (Honore et al.) pour 
produire un fragment d ' amplification par PCR utilisable 
pour le seguencage du codon 425 d'un echantillon inconnu 
^ e 5L. leprae dans un volume de reaction final de 100 jjl. 

Un aliguot (10 /il) est analyse par electrophorese en 
gel d» agarose pour verifier gue 1 ' amplification PCR est 
correcte. 

10 0 fxl du produit d • amplification PCR sont ensuite 
absorbes sur des billes magnetigues (M280 Dynabeads, 
streptavidine, Dynal corp., Norvege) recouvertes de 
streptavidine et prelavees et les chaines d'ADN non 
biotinylees et denaturees et elevees de sa chaine 
complementaire gui reste liee aux billes en utilisant 0,1 
M de NaOH tel gue decrit par le fabricant. 

Apres plusieurs lavages, la matrice d'ADN simple 
chaine liee au support est dans une forme purifiee sans 
interferer avec des amorces ou des nucleotides. 

4) Ligation de 1' amorce en "epingle a cheveux" n' 3: 
La matrice liee au support est resuspendue dans un 

tampon de ligation (4 0 mM Tris pH 7.5, 10 mM MgCl 2 , 10 mM 
DTT, 0,5 mM ATP), 5 nm de l' amorce n* 3 en "epingle a 
cheveux" sont ajoutes au melange, le tube est chauffe 2 
minutes a 69 *C et 3 0 minutes a 37'C. 

Apres 1' addition de 4 0 unites d'ADN ligase T4 
(Boehringer corp. , Allemagne) , le melange est incube 
pendant 3 h a temperature ambiante avec agitation de 
temps en temps. 

Le produit ainsi lie attache aux billes et lave 
plusieurs fois comme cela est decrit par le fabricant, le 
dernier lavage etant dans un tampon TE (10 mM Tris pH 8, 
1 mM EDTA) et enfin resuspendu dans 120 /xl d'eau 
distillee sterile. 
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5) Reaction de seguencage : 

a) Incorporation d'un 3' RT-dNMP a l'extremite 3* OH 
de 1* amorce 3 en "epingle a cheveux" lie (matrice de 
seguencage) : 

La matrice de seguencage est maintenant etendue par 
1' amorce en "epingle a cheveux" qui donne une extremite 
3* OH bloquee (voir Figure 7). La solution suivante 
(solution d' elongation) est ajoutee a la matrice liee aux 
billes : 

- 10 fil d'un tampon concentre 10 fois (donne par le 
f abricant) , 

- 10 til de glycerol, 

- 50 |il de 3' RT-dNTP a la concentration de 2 mM chacun: 
3 ' -anthranyloyle dATP, 3 '-N-methyl-anthranyloyle dGTP, 
3 '-5-methyl-anthranyloyle dCTP, 3 ' -6-methyl-anthranyloyle 
dTTP, 

- 10 Ml de Taq polymerase (5 unites/Ml , Boehringer corp., 
Allemagne) . * 

Le tube est incube a 50 *C pendant 30 minutes avec 
une agitation douce occasionnelle et ensuite transfere 
sur un separateur magnetigue pour eliminer les 
nucleotides non incorpores : 3 lavages avec 10 mM de Tris 
pH 7.5, 1 TOM EDTA, 2 M NaCl , 0,02% Triton X-100, suivis 
par 2 lavages avec 0,02% de Triton X-100 et 1 lavage avec 
de l'eau distillee sterile. 

b) Elimination de la protection en 3 ' : 

L'eau distillee sterile est enlevee et 30 nl de NaOH 
0,1 M sont ajoutes directement sur les billes. 

L' incubation est ensuite realisee a 50 *C pendant 10 
minutes. L'echantillon est ensuite magnetise, le 
surnageant collecte, 30 /il de 0,1 M NaOH sont ajoutes de 
nouveau sur les billes et incubes a 50 # c pendant 10 
minutes, puis apres une separation magnetigue, le 
deuxieme surnageant est melange avec le premier avant 
1 • analyse spectrof luorometrigue . 
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Les billes sont immediatement lavees exactement 
comme ci-dessus apres I'etape d ' incorporation et 120 /il 
de la suspension de billes est maintenant prete pour une 
nouvelle reaction d' extension. 

c) Identification du marguage en 3 ' correspondant au 
nucleotide incorpore : 

6,6 nl de Tris 0,5 M pH 8 sont ajoutes aux 
surnageants r assembles et le melange est soumis a une 
analyse spectrof luorometrigue comme decrit plus haut en 
utilisant un spectrof luorometre Perkin-Elmer L50B et la 
cellule de detection spectrof luorometrigue HPLC 
correspondante . 

La calibration est realisee en utilisant des 
solutions temoins contenant 0,1 M NaOH et 50 mM Tris pH 
8. 

Des spectres individuels correspondant aux 4 derives 
depourvus d • anthr any late sont realises dans le meme 
tampon et leur emission maximale determinee. 

Ensuite, leurs spectres d' excitation sont determines 
comme decrit plus haut. 

De cette roaniere, chague margueur est defini avec 
deux longueurs d'ondes specif igues, a savoir le maximum 
en nanometres pour 1 1 excitation et pour 1 ■ emission . 

Apres avoir charge 1 'echantillon dans la cellule de 
detection, l'excitation est realisee a 310 nm et le 
spectre d 1 emission est mesure entre 340 nm et 500 nm. 

Le spectre est corrige de tout effet venant du 
tampon en soustrayant le spectre du temoin, la courbe est 
lissee et les longueurs d'ondes correspondant au maximum 
decrit ci-dessus sont determinees en utilisant un 
programme d'ordinateur fourni par le fabricant. 

Les surnageants soumis a 1 • analyse 

spectrofluorometrigue donnent comme resultat 317 nm et 
409 nm pour les maximum d» excitation et d' emission 
respect ivement . 
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Ceci identifie de fagon non ambigue un residu dC 
incorpore a 1 ' extremite 3» de la matrice de seguencage. 

6) Reiteration du procede : seguencage du cpdon 425 
du gene rpoB de leprae d»un isolat resistant a la 

rifampicine : 

Les 120 fil de suspension de billes sont maintenant 
soumis de nouveau aux etapes 5 a), b) , c) de la reaction 
de sequengage, afin d' identifier le nucleotide suivant du 
codon 425 de 1' isolat resistant a la rifampicine de M. 
leprae . 

Dans ce cas, les maximum d» excitation et d' emission 
sont de 315 nm et de 397 nm respect ivement et ceci 
identifie un residu dA incorpore apres le dC de la 
precedente reaction. 

Le cycle de seguencage complet suivant (etape 5 a) , 
b) , c) ) identifie les longueurs d'ondes d ' excitation et 
d 1 emission a 289 nm et 403 nm respectivement , ce qui est 
typigue d'un residu dT incorpore a 1' extremite 3' de la 
matrice de seguencage. 

Ainsi , des experiences nous concluons que la 
sequence nucleotidique du codon 425 du gene rpoB de 
1 • echantillon analyse est ATG , ce qui code pour une 
methionine au lieu d'une serine, la derniere etant 
caracteristique du phenotype sauvage. 

Du fait que cette sorte de mutation a ete decrite 
dans des isolats de type rpoB3 (voir Honore N. et al.), 
les experiences decrites ci-dessus donnent les bases 
moleculaires de la resistance a la rifampicine dans le 
gene de 1' isolat de KU leprae . 
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REVINDICATIONS 

1. Esters de desoxyribonucleotides 5' triphosphates 
(dNTP) ou ribonucleotides 5* triphosphates (NTP) , 
caracterises par le fait gu'ils sont des anthranylates 
repondant a la formule generale suivante : 



o- O' o 




(I) 



dans laquelle Rl , R2 , R3 ou R4 sont soit un atone 
d'hydrogene (H) , soit un groupe methyle (CH 3 ) , soit un 
groupe autre pourvu que les proprietes du residu soient 
conservees, 

et dans laquelle l'hydroxyle en 3' peut etre restaure par 
liberation du derive anthranylique en milieu basique ou 
par action d'une enzyme, par exemple une lipase ou une 
hydrolase . 

2. Esters selon la revendication 1, caracterises par 
les substitutions suivantes : 
R1=R2=R3=R4=H dans le 3 ' anthranylate-dATP 
R1=CH 3 ,R2=R3=R4=H dans le N-methyl 3' anthranylate-dGTP 
R2=CH 3 ,R1=R3=R4=H dans le 3-roethyl 3' anthranylate-dTTP 
R4=CH 3 ,R1=R2=R4=H dans le 5-inethyl 3' anthranylate-dCTP. 



WO 94/23064 



PCT/FR94/00345 



37 

3 . Esters de desoxyribomicleotides 5 ' triphosphates 
(dNTP) ou ribonucleotides 5' triphosphates (NTP) , 
caracterises par la formule suivante : 



A , C , C , T j 




(II) 



dans laguelle 1 • hydroxyle en 3 • peut etre restaure par 
liberation de 1 ' acide caproique substitue par un 
quelconque fluorophore en milieu basique ou par action 
d'une enzyme, par exemple une lipase ou une hydrolase. 

4 . Esters de desoxyribomicleotides 5 ' triphosphates 
(dNTP) ou ribonucleotides 5' triphosphates (NTP) , 
caracterises en ce gu'ils repondent a l'une des formules 
suivantes : 
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A , C , G , T 



C OH 



C OH 



(III) 



CH 2 NH-X 



01 igoNu- 3 , - 5 




(IV) 



CH 2 NH-X 

dans laguelle X represente une substance susceptible de 
donner un signal, notamment un fluorophore, ou un 
hydrogene, et dans laguelle l'hydroxyle en 3' peut etre 
liber e en deux etapes gui sont : 

- une oxydation du diol vicinal par le periodate, 
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- une enolisation et ^-elimination de 1' aldehyde en 

3 ' • 

5. Utilisation des esters selon l'une des 
revendications 1 a 4 , dans un procede de sequencage d 1 une 
chaine polynucleotidique comprenant les etapes de : 

a) construction et utilisation d'une amorce, 

b) addition a partir de cette amorce, ou de toute autre 
amorce, par une acide nucleigue polymerase, d*une 
nucleotide triphosphate esterifie en 3 'OH de telle fapon 
que son integration bloque toute elongation ulterieure et 
que 1' ester porte un marguage specif igue de chacune des 
guatre bases constituant ces nucleotides modifies, 

c) restauration de la fonction 3* OH par hydrolyse 
chimique ou enzymatique de 1' ester forme, 

d) caracterisation de l'hydrolysat forme caracteristique 
d'un nucleotide donne, 

e) reiteration des etapes a) , b) , c) et d) pour 
caracteriser le nucleotide suivant. 

6. Utilisation selon la revendication 5, caracterise 
en ce que 1' amorce et une amorce en "epingle a cheveux" 
phosphorylee en 5 ' et presentant une partie de sa 
sequence en 3' identique a celle d'une amorce utilisee en 
PCR pour produire la matrice d'ADN a sequencer et qui, 
apres ligation a la matrice d'ADN a sequencer, cette 
amorce est compatible avec une deprotection en milieu 
basigue. 

7. Utilisation selon la revendication 5, caracterise 
en ce que 1 « ester est porteur d ' un compose detectable en 
fluorescence, les caracteristiques d 1 excitation et 
d' emission dudit compose etant caracteristigues pour 
chacun des guatre nucleotides. 

8. ' Utilisation des esters selon l'une des 
revendications 1 a 4 a la detection de mutations 
ponctuelles dans une sequence d'acides nucleigues, ou de 
variants impliguant entre 2 et 20 nucleotides. 
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9. Utilisation des esters selon l'une des 
revendications 1 a 4 a la recherche d'une sequence 
particuliere dans un melange complexes d'acides 
nucleiques . 

10. Trousse de diagnostic de la presence dans un 
echantillon d'une sequence d'acides nucleiques que l»on 
souhaite analyser et comprenant : 

- une amorce de sequencage, 

- 4 desoxyribonucleotides esterif ies en 3 • de facon 
reversible, 

- eventuellement une phase solide pour immobiliser 
l'acide nucleique a analyser ou 1' amorce, 

- une acide nucleique polymerase choisie en fonction de 
1' amorce, et pref erentiellement sans activite 3" — •> 5' 
exonucleasique, pref erentiellement l'ADN Taq polymerase. 
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METHOD AND DEVICE FOR RAPID DNA OR RNA SEQUENCING 
DETERMINATION BY A BASE ADDITION 
SEQUENCING SCHEME 



Field of the Invention 
5 This invention relates to the field of rapid sequencing of 

oligonucleotides by the base addition method. More particularly, this 
invention relates to a method for determining DNA and RNA sequences 
without gel electrophoresis, utilizing different leaving and reporting 
groups attached to the 3'-hydroxyl position of the nucleotides. 

10 Background 

The analysis of primary DNA sequence is an important process for 
all kinds of biological studies. Two general approaches have been favored 
for DNA sequencing in the last ten years. These are the Maxam-Gilbert 
method of modification of specific DNA bases followed by chemical 

15 degradation at the modified sites, and the Sanger dideoxy termination 
method. These approaches have the common feature that a population of 
DNA molecules of different sizes is generated by the sequencing 
procedure, and therefore gel electrophoresis is required in order to resolve 
the sequencing products and to complete the analysis. 

20 . There have been several attempts to speed up and simplify the DNA 

sequencingprocedures. Improvements include: (1) using fluorescent labels 
in place of radioisotopes, (2) "multiplex" mixing of different molecules 
prior to sequencing reactions followed by transfer of the sequencing gels 
to a membrane and hybridization with a specific probe to identify each 

25 element, (3) using mass spectrometry to detect the different bases, 
(4) using solid supports to entrap the DNA or RNA template, or (5) using 
different stable isotopes to detect bases. All of these modified procedures 
rely on the previously described Sanger or Maxam-Gilbert approaches, and 
therefore, have the component of gel electrophoresis. 
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Another approach which is different includes DNA sequencing by 
the hybridization approach. This approach relies on specific hybridization 
of short oligonucleotides to sequences bound to a solid support. In this 
method either the DNA to be sequenced or the numerous necessary 
oligonucleotide probes must be fixed to a solid support and repeated 
hybridizations carried out. This method is unproven and differs both in 
concept and design to the Base Addition Sequencing Scheme of the 
present invention. 

An additional method which has been described measures the 
release of a group from each base as it is joined to a growing 
oligonucleotide. For example, inorganic phosphate is released from the 
5'-terminus of a specific deoxyribonucleotide triphosphate and is detected 
as a substrate for the enzyme luciferase. 

A further procedure that aims to speed up sequence analysis is a 
method that uses enzymatic degradation of single stranded DNA molecules 
in an apparatus that has a rapid flow of reagents past a template molecule 
fixed on a solid support. 

The present invention provides a novel approach for DNA 
sequencing comprisingrepetitive cycles of enzyme catalyzed incorporation 
of nucleotides into a DNA template primer complex. The nucleotides are 
added at the first available position and are blocked from further 
extension at the 3*-hydroxyl terminus by a chemical group. Each cycle of 
addition is followed by chemical release of a blocking group and addition 
of the next base. The detection of the blocking group either in situ or 
after leaving reveals the DNA sequence. 



Summary of the Invention 
An object of the present invention is a rapid assay for sequencing 
oligonucleotides of DNA and ENA, an aspect of which is to accomplish 
oligonucleotide sequencing without gel electrophoresis. 



* 
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An additional object of the present invention is a multiplex DNA 
and RNA sequencing method. 

A further object of the present invention is methods of automation 
for rapid sequencing of a plurality of DNA or RNA molecules by a base 
5 addition sequencing scheme. 

A further object of the present invention is a device for rapid 
sequencing of a plurality of DNA or RNA molecules by a base addition 
sequencing scheme. 

Thus, in accomplishing the foregoing objects, there is provide in 
10 accordance with one aspect of the present invention a multiplex assay for 

determining the sequence of a strand of DNA or RNA, comprising the 
steps of attaching a plurality of DNA or RNA templates with annealed 
primers to a solid support; contacting the attached DNA or RNA 
templates with a reaction buffer, said buffer containing modified 
15 nucleotides and an enzyme to attach the modified nucleotides to the 3'- 
hydroxyl terminus of the primer attached to each template, wherein the 
modified nucleotides include a blocking group and a reporter, wherein the 
blocking group blocks the addition of further nucleotides to the primer 
and the reporter identifies which nucleotide has attached to the primer; 
20 removing the unreacted modified nucleotides by washing the reacted DNA 

or RNA with a first wash buffer; detecting the attached modified 
nucleotide added to each primer; removing the blocking group and 
reporter by contacting the DNA or RNA with a detaching buffer; washing 
the attached DNA or RNA with a second wash buffer to remove traces of 
25 the detaching buffer and repeating the above steps until the DNA or RNA 
has been sequenced. 

In specific embodiments of the present invention, the solid support 
is selected from the group consisting of a Strepavidin/biotin coated surface, 
a derivatized photoactivatable glass, and a NHj binding group attached to 
30 glass. 
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Another aspect of the present invention is devices for 
simultaneously sequencing a plurality of DNA or RNA sequences. A first 
device comprises: a first reservoir for a detaching buffer; a second 
reservoir for a reaction buffer; a third reservoir for a washing buffer; a 
5 plurality of columns, each column including a solid support for attaching 
a DNA or RNA template with attached primers; a detector means; a 
fourth reservoir for a capping buffer; and a fifth reservoir for 
waste; said first, through fourth reservoirs being connected to the 
entrance ends of said columns through a first controllable valve to supply 
10 the appropriate buffer to said columns; said detector means, fifth reservoir 
and second reservoir being connected to the exit end of said columns 
through a second controllable valve to direct the outflow of the columns 
flow through the detector and into the waste reservoir and to recycle the 
reaction buffer. 

15 A second device comprises: a solid support for attaching the 

plurality of DNA or RNA templates with annealed primers at discrete 
locations; a plurality of buffer reservoirs for holding reaction buffer, wash 
buffers, capping buffer and detaching buffer; and a detector means for 
identifying the addition of a nucleotide to the annealed primers; wherein 

20 said solid support, buffer reservoirs and detector means are relationally 
positioned on a movement means such that there are repeated cycles of 
the solid support with attached DNA or RNA sequentially contacting the 
reaction buffer to add a modified nucleotide to the primers, the first wash 
buffer to remove unreacted nucleotides, a capping buffer to prevent 
25 further elongation of unreacted template primers, the detector means to 
identify which nucleotide was added to each primer, the detaching buffer 
for removing a blocking group and reporter from the attached modified 
nucleotide, and the second wash buffer to remove traces of the detaching 
buffer. 



Both devices can be automated by attaching them to a computer 
means for controlling the sequencing steps and recording the image from 
the detector means. 

Other and further objects, features and advantages will be apparent 
and eventually more readily understood from a reading of the following 
specification and by reference to the accompanying drawings forming a 
part thereof where examples of the presently preferred embodiments of 
the invention are given for the purpose of disclosure. 

Description of the Drawings 

Figure 1 is a schematic representation showing four modified 
nucleotides which can be used in the present invention. Figure 1A shows 
adenosine 5' triphosphate with Leaving Group "A"; IB shows guanosine 
5' triphosphate with Leaving Group "G"; 1G shows eytosine 5* 
triphosphate with Leaving Group "C";" and ID shows thymine 5* 
triphosphate with Leaving Group "T". 

Figures 2A, 2B and 2C are a serial schematic representation 
showing a base addition sequence scheme for a single DNA template 
attached to a solid support with a flow through detector. 

Figure 3 is a schematic diagram for the base addition sequence 
scheme of multiple templates bound to solid supports with flow through 
detectors. 

Figures 4A, 4B and 4C are a serial schematic representation of a 
base addition sequence scheme analysis of a single DNA template attached 
to a solid support with in situ detection. 

Figure 5 is a schematic of a device for base addition sequence 
scheme analysis. 

Figure 6 is a diagram of a multiplex template support for the base 
addition sequence scheme analysis of multiple DNA templates with ifi situ 
detection. 



• 
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Figure 7 shows a purine base (adenosine) with a photolabile 
blocking group at the 3'-terminus. 

The drawings and figures are not necessarily the scale and certain 
features may be exaggerated in scale or shown in schematic form in the 
5 interest of clarify and conciseness. 

Detailed description of the invention 
It will be readily apparent to one skilled in the art that various 
substitutions and modifications may be made to the inventions disclosed 
herein without departing from the scope and the spirit of the invention. 
10 The term "modified nucleotide" as used herein is defined as a, 

nucleotide which has a chemical group attached to the nucleotide. This 
chemical group blocks the addition of further nucleotides through the 3'- 
hydroxyl group of the modified nucleotide. Thus a modified nucleotide, 
once attached to a primer, prevents further elongation through the 3'- 
15 hydroxyl group of the sequence unless the blocking group is removed. 

The term "blocking group" and "blocker" as used herein is defined 
as any chemical group which can be attached to a DNA or RNA nucleotide 
and which will allow the 5* end of the modified nucleotide to attach to a 
3' end of another nucleotide but will not allow attachment of a nucleotide 
20 to the 3'-hydroxyl group of the modified nucleotide. The blocking group 
can attach directly to the 3*-hydroxyl group (protection group) or attach 
to another part of the nucleotide and prevent reaction with the 3'- 
hydroxyl group for example by steric hinderance. The blocking group's 
chemical structure can also include a reporter or marker moiety. 
25 The terms "reporter" or "marker" as used herein are defined as any 

element or molecule moiety which can be attached to the nucleotide and 
which can be . used to detect and identify specific nucleotides. Some 
specific examples of reporters or markers include metal ions, fluorescent 
dyes, radioisotopes, antibodies and cherniluminescence compounds. 
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Normally when sequencing DNA or UNA the four different nucleotides, 
2'— deoxyadenosine, 2'-deoxyguanosine, 2'-deoxycytidine and 2'- 
deoxythymidine, are used. Each nucleotide can be identified because a 
different reporter will be attached to each nucleotide. The reporter can 
5 be any combination of the above molecular moieties. For example the 
reporter could be different fluorescent compounds or different 
radioisotopes or different metal ions or a mixture of any combination of 
fluorescent compounds, radioactive compounds, metal ions or antibodies. 
One skilled in the art will readily recognize that the selection of the 
10 combination of reporters depends on the detection means being utilized. 
Examples of molecules used in the present invention are shown in 
Figure 1 and Figure 7. 

Certain characteristics are important in identifying those groups 
which are useful for the blocking of the 3'-hydroxyl group. The 
15 functional definition of a hydroxyl blocking group includes compounds (i) 
which react with the 3'-hydroxyl group and prevent further unwanted 
reactions; (ii) are easily removed; and (iii) upon removal leave the 
hydroxyl group intact and able to react with the 5' end of another 
nucleotide. In the present invention various hydroxyl blocking groups are 
20 available, including: (i) ethers which are generally removed by acid 
treatment; (ii) esters which are generally removed by alkali/base 
treatment; (iii) carbonates; and (iv) sulphonates. Some specific examples 
of blocking groups include Tetrahydropyranyl ether, 1-ethoxyethyl ether, 
trimethylsilyl ether, Bis (2-chlorethoxy) methyl ether. Further examples 
25 are known in the art and some are shown in "Protective Groups in 
Organic Synthesis" by Theodora W. Greene, John Wiley & Sons, New 
York, 1981. An example of photolabile group can be seen in Ohtsuha, et 
al., J. Am. Chem. Soc. 100:4210-8213 (1978). 

An additional alternative blocking group and means for its 
30 detachment is a photolabile blocking group as shown in figure 7. This 
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modified nucleotide is accepted by the BST polymerase, and terminates 
further primer elongation after its addition due to the bonding of the 
blocking of the 3'-hydroxyl terminus. This blocking group can be entirely- 
removed by a 120 second exposure to short wavelength UV light. Since 
5 the UV wavelength required for removal of the labile blocking group is 
different from the TJV wavelength that can damage DNA, narrow 
bandwidth UV" emitters or UV filters can be used to protect the DNA from 
UV damage. 

The blocking groups which can be used are well known by those 
10 skilled in the art. The blocking groups generally are those which can be 
removed either by base, acid, salt, ions, a combination of salt and ions, or 
by the bombardment of light. The blocking group and reporter can be 
combined. 

One embodiment of the present invention is the assay for 
15 determining the sequence of a strand of DNA or RNA. This assay is 
shown schematically in Figures 2 and 4. The assay includes attaching a 
plurality of DNA or RNA templates 13 with annealed primers 16 to a solid 
support 10; contacting the attached DNA or RNA templates with a 
reaction buffer, said buffer containing modified nucleotides and an enzyme 
20 to attach the modified nucleotides to the 3'-hydroxyl terminus of the 
primer 16 attached to each DNA or RNA, wherein the modified 
nucleotides include a blocking group and a reporter, wherein the blocking 
group blocks the addition of further nucleotides to the primer and the 
reporter identifies which nucleotide has attached to the primer; removing 
25 the unreacted modified nucleotides by contacting the reacted DNA or RNA 
template with a first wash buffer; detecting the attached modified 
nucleotide added to each primer; capping any unreacted template; 
removing the blocking group and reporter, by contacting the DNA or RNA 
with a detaching buffer; contacting the attached DNA or RNA with a 
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second wash buffer to remove traces of the detaching buffer; and repeating 
the above steps until the DNA or RNA has been sequenced. 

In this method the solid support can be selected from any group of 
solid supports known to the art to bind DNA or RNA. Some solid 
5 supports which are useful in the procedure include strepavidin/biotin 
coated surfaces, derivatized photoactivatable surfaces and NH 2 binding 
groups attached to glass. In the preferred embodiment biotinylated DNA 
or RNA templates are attached to strepavidin coated supports. 

In the present assay each different type of nucleotide which is being 

10 added to the RNA or DNA primer has a specific reporter attached. This 
reporter can be measured while attached to DNA (in situ) or can be . 
cleaved with the blocking group and then measured. In a preferred 
embodiment of the present invention the reporters are a fluorescent 
compounds which are measured m gjfcn by activation by laser excitation 25 

15 and recording of the emissions spectra detector 28. 

The reaction buffer is designed to add a modified nucleotide to the 
primer which has been attached to the DNA or RNA template strand to 
be sequenced. The reaction buffer will contain the modified nucleotides 
and an enzyme to attach the modified nucleotides to the 3' hydroxyl 

20 terminus of the primer attached to each DNA or RNA template. One 
skilled in the art will recognize that a variety of buffers can be used. In 
the preferred embodiment the buffer is 25mM Tris pH 7.8, 50mM NaCl, 
lOmM MgCIa- The enzymes used to attach the modified nucleotide to the 
primer strand for the sequence analysis can include any of the following 

25 T7, Taq, Klenow, T 4 , Pol 1, DNA polymerase and reverse transcriptase. 

A further aspect of this embodiment is a method to remove 
unblocked (unmodified) nucleotides which may contaminate the reaction 
buffer. A source of this contamination comes from a very small 
percentage of the modified nucleotides having the labile modifying 

30 (blocking) group spontaneously detach under normal condition, leaving an 
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unblocked nucleotide. To remove any contaminating unblocked 
nucleotides, a scavenger reaction may be included in the reaction buffer. 
In one embodiment, decontamination may be accomplished by 
including in the reaction buffer, nucleotide specific scavenger primer' 
5 template complexes and any additional necessary enzyme to incorporate 
unblocked nucleotides: present into the scavenger complexes. The 
scavenger complexes bond any unblocked nucleotides, and because the 
complexes are not attached to the solid support, the contaminating 
nucleotides are removed along with the complexes in the following 
10 washing step. Pretreatment of the reaction buffer can be performed either 
with the same enzymeCs) being used to add the modified nucleotides, or 
by other additional enzymeCs) . For example, terminal transferase may be 
used as an additional enzyme. 

The wash buffers used in the present invention can be of a variety 
15 of different types. When removing unreacted modified nucleotides the 
wash buffer is usually 25mM Tris pH 7.8; 20mM NaCl. The same wash 
buffer can be used to remove traces of the detaching buffer. 

An additional aspect of this embodiment is a method for 
"capping" unreacted 3'-hydroxyl termini of the primed templates on the 
20 solid support. Failure to couple a modified nucleotide to a primed 
template during contact with the reaction buffer results in that template's 
primer elongating out of sync with the rest of the template primers for the 
remainder of the sequencing procedure. This out of sync elongation 
causes a loss of fidelity of the signal from that particular template position 
25 and an overall loss of sensitivity. 

To prevent unreacted template primers on the solid support from 
further elongation, a capping step may be incorporated into the assay 
cycle. Such a step may be inserted in the cycle after the addition of the 
modified nucleotides, but before the removal of blocking groups. The 
30 capping step comprises contacting the solid support with a capping buffer. 
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A capping buffer comprises an appropriate buffer containing a free 
molecular blocker (capping agent) and the necessary reagents under 
conditions to stably bond the molecular blocker (capping agent) to the 
template primer, and prevent further primer elongation. A capping agent 
5 may consist of stably blocked nucleotides or dideoxynucleotides. 

An advantage of the capping step is its utility in monitoring the 
overall coupling efficiency of the BASS process. To monitor overall 
coupling efficiency of the sequencing process, the capping reagent can also 
contain a non-labile marker moiety. As an element of the capping reagent, 
10 this marker remains on the on the template primer throughout 
subsequent sequencing cycles. By detecting and monitoring the presence 
and accumulation of Gapped template primers, the overall efficiency of the 
sequencing procedure can be monitored. Such information is useful for 
overall reagent economy, for adjusting reagent and reaction parameters 

15 (e.g., concentrations, time, temperatures) for optimizing the sequencing 
procedure at every cycle, for determining the maximum number of repeat 
cycles a for a given sequencing procedure. A further particular advantage 
is that a capping reagent marker is an aspect of the present invention that 
embodies great utility in the automation of the BASS method. The 

20 presence and accumulation of the capping agent marker may be monitored 
jn situ by a detector connected to automated control means, such as a 
computer. The signal from the capping agent marker via the detector can 
be used to determine the overall coupling efficiency, and provide the signal 
to a computer, for example, which can adjust the metering of reagents, 

25 reaction times and temperature to optimize overall BASS performance, as 
well as to terminate drastically failed sequencing procedure. 

The detaching buffer is used to remove the blocking group and 
reporter from the modified nucleotide so that the next nucleotide can be 
added. Detaching buffers are well known in the art and depend on which 
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blocMng group is being used. Examples of detaching buffers are given in 
"Protective Groups in Organic Synthesis" by Theodora W. Greene, John 
Wiley & Sons, New York, 1981. In using the detaching buffer one skilled 
in the art will readily recognize that, under the optimum conditions, the 
5 buffer must not be too strong of an acid or base so that the enzymes 
necessary to extend the chain are not destroyed or that the nucleotides are 
not hydrolyzed or altered. Further, too much base or heat will cause the 
strands to melt apart. Additionally, the enzyme is greatly affected by both 
salt and pH. On the other hand, if the conditions affect the enzyme, more 
10 enzymes can be easily added to replenish the damaged enzyme. 

When laser excitation is used to detach the blocking group, the laser 
25 can be directed at the molecule and cause the detachment. An example 
of this is linkage to the nucleoside by a photolabile o-nitrobenzyl ether. 
Not only can the laser procedure be used to remove the blocking group but 
15 it can also be used to activate the reporter and thus measurement of 
which nucleotide was attached. In one embodiment of the invention the 
laser excitation method is used because it provides easier automation and 
decreases the number of reporters required. 

Another embodiment of the present invention is the device 52 
20 shown in Figure 3. The device 52 can be used for simultaneously 
sequencing a plurality of DNA or UNA sequences and comprises a first 
reservoir 34 for detaching buffer, a second reservoir 37 for a reaction 
buffer, a third reservoir 31 for a washing buffer, a plurality of columns 12, 
each column 12 including a solid support 10 for attaching a DNA or ENA 
25 template with attached primer. There is also included a detector means 
22 and a fourth reservoir 40 for waste. In this device the first 34, the 
second 37 and the third 31 reservoirs are connected to the entrance ends 
of the columns 12 through a first controllable valve 43 to supply the 
appropriate buffer to said columns 12. The detector means 22, the fourth 
30 reservoir 40 and the second Teservoir 37 are connected to the exit end of 
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the columns 12 through a second controllable valve 46 to direct the flow 
through the columns 12 through the detector 22 and into the waste 
reservoir 40 or to recycle the reaction buffer into the reservoir 37. In 
enhanced embodiments of this device there is also a computer means (not 
5 shown) which can be attached to the device. The computer means 
regulates the sequencing procedure. It can control the first 43 and second 
46 controllable valves. Further, it can record the output from the detector 
means 22, and be used for storage and output. One skilled in the art 
readily recognizes that a variety of controller boards and personal 
10 computers can be used as the computer means. 

An alternate device 49 for simultaneously sequencing a plurality of 
DNA and RNA strands 13 is shown in Figure 5. This device 49 comprises 
a solid support 10 for attaching the plurality of DNA or RNA templates 
13 with annealed primers 16 at discreet locations. An example of a solid 
15 support 10 with discreet locations 55 is schematically shown in Figure 6. 

In Figure 5 a plurality of buffer reservoirs 31, 32, 34 and 37 for holding 
wash buffers A & B, detaching buffer and reaction buffer, can be seen. 
Further a detector means 22 for identifying the addition of a nucleotide 
to the annealed primers is also shown. In the device 49 the solid support 
20 10, buffer reservoirs 31, 32, 34 and 37, and detector means 22 are 

relationally positioned on a movement means such that there are repeated 
cycles of the solid support 10 sequentially contacting the (i) reaction buffer 
to add a modified nucleotide to the primers, (ii) the first wash buffer to 
remove unreacted nucleotides, (iii) the detector means to identify which 
25 nucleotide was added to each primer, (iv) the detaching buffer for 
removing a blocking group and reporter from the attached modified 
nucleotide, and (v) the second wash buffer to remove traces of the 
detaching buffer. One skilled in the art will readily recognize that the 
first and second wash buffer could be identical and thus only one wash 
30 buffer reservoir would be needed. The device 49 schematically shown in 
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Figure 5 can also further comprise a computer means for automating and 
regulating the number of repeated cycles and the sequential movement of 
the support 10, reservoirs 31, 32, 34 and 37, and detector 22. 
Additionally, the computer means can be attached to the detector 22 in 
5 order to record the output of the detector means. This output can then 
be stored for further use or manipulated and output into more easily 
readable reports. Additionally the whole device can be incorporated into 
a cabinet. 

In the preferred embodiment of the devices 49 and 52, the solid 
10 support is avidin coated glass plates. The biotinylated DNA can then be 
attached to the avidin surface. The primers can be attached to the DNA 
prior to attachment to the solid support or can be added after attachment. 

In the preferred embodiment of the invention the detector means 
includes a laser for excitation of the fluorescent reporter groups and a 
15 camera and a computer for digitation. One skilled in the art will readily 
recognize that a variety of detectors are available. Examples include 
charge coupled device (CCD) camera, video camera with filter, fluorescent 
microscopes, regular photo multiplier and photographs. The selection of 
the detector will depend on the reporter used. A fluorescent dye, 
20 radioisotope, chemuuminescent compound, antibody, or other 
reporter/marker can be used. A variety of such devices are available 
commercially. In the present means the detection means is selected 
depending on which marker or reporter is used. 

The following examples are offered by way of illustration are not 
25 intended to limit the invention in any manner, 



TftramplA 1 

Base Addition Sequencing Scheme (BASS) Analysis of DNA 
Templates Attached to Solid Supports With a Flow Through Director 
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The following procedure shows BASS analysis of a single DNA 
template attached to a solid support. The DNA template is initially bound 
to a solid support, with a short primer strand concurrently or 
subsequently annealed to it. This combination is then contacted with the 
5 four modified nucleotides and enzyme in the appropriate buffer (25mM 
Tris, pH 7.8, 50mM NaCl lOmM MgCl, 5-50 units DNA polymerase). 
Then the primer is enzymatically extended by one base (at 37° G or 50° C 
for about 2 to 30 mins.). The 3' leaving group (LG) of the modified 
nucleotide blocks further extension, and Watson - Crick base pairing 

10 ensures that only the correct nucleotide is added. Then unreacted 
nucleotides are washed away. Then the leaving group, which may be a 
fluorescent moiety with an acid-labile linker, is removed by an acid wash. 
The 3' end of the nucleotide is now ready for the addition of another 
modified nucleotide. The leaving group is eluted to a fluorescence detector 

15 which can distinguish between the reporter groups, and the reporter is 
detected. 

This scheme makes use of established techniques for the 
attachment of a single DNA strand (template) to a strepavidin coated solid 
support via a biotin group at the 3' (or 5') terminus. In figure 2A, the 

20 oligonucleotide template is already bound to an oligonucleotide primer. 
The sequencing begins by mixing the DNA template/primer complex with 
the four modified nucleotides and the DNA polymerase in an appropriate 
buffer. One of the four nucleotides will be added to complement the next 
base in the sequence. In the figure 2B, the modified nucleotide 19 is LG:A 

25 (i.e., a modified dATP) which complements the first 'T' in the template 
sequence. Once the a base is added no further elongation of the primer 
can occur that cycle due to the presence of the blocking group attached at 
the 3' terminus. 

After the unreacted nucleotides are washed away, in figure 2C the 
30 DNA template/primer complex is treated with mild acid to cause the group 
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blocJring the 3 r hydroxy! terminus of the primed site to leave, restoring 
an active 3' hydroxy! site. A fluorescence detector identifies the group as 
it leaves the column and therefore indicates the previous addition of the 
modified 'A* nucleotide at the first site in the sequence. The process is 
5 repeated with a new base added each time, and the fluorescent detection 
of a new leaving moiety each cycle. The accumulated record of the 
different fluorescent groups leaving the column after each cycle represents 
the DNA sequence of the template strand. It should be noted that a 
simple way to 'multiplex' the procedure is by having multiple columns 
10 with different templates in parallel. 

Example 2 
BASS Analysis of a DNA Template Bound 
To Solid Supports With In Situ Detection 
BASS analysis of a DNA sequence can also be done with in situ 
15 detection of the added bases. The scheme is very similar to that described 
in Example 1 above. A DNA template is bound to a solid support and a 
short primer strand annealed to it. This combination is then contacted 
with the four modified nucleotides and enzyme in the appropriate buffer 
(see conditions Example 1). Then the primer is enzymatically extended 
20 by one base (see conditions Example 1). The 3* leaving group (LG) blocks 
further extension, and Watson - Crick base pairing ensures that only the 
correct nucleotide is added, Unreacted nucleotides are washed away. A 
capping step may be performed now or after the following step. The 
fluorescent reporter is detected by the detector means while still in place 
25 on the template. In this procedure the reporter is excited by an argon 

laser and the emission spectra is recorded by a fluorescence detector. The 
detector can distinguish between the reporter groups. Then the leaving 
group is cleaved with mild acid and eluted off the column, restoring the 
3' terminal hydroxy!, and therefore allowing further nucleotide additions. 
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To facilitate the in situ detection the oligonucleotide (DNA or RNA) can 
be fixed to a glass plate as a solid support. This greatly facilitates 
'multiplex' analysis of DNA templates since an array of different DNAs 
can be attached to a single glass plate and all the samples treated in 
parallel. With currently available fluorescent imaging software and 
hardware very large numbers of DNA templates are attached to single 
plates. Thus, thousands of sequences are determined in a single BASS 
run. 

Example 3 
A pplication of BASS 
BASS is applicable to any situation where other DNA sequence 
methods can be used. These include: 

(a) The analysis of different genes and genomes. The sequencing of 
the human genome is possible with this method. 

(b) The identification and characterization of different organisms. 

(c) The diagnosis of genetic diseases and cancers. 

BASS also has several advantages over previous sequencing 
schemes. These include: 

(a) Obviating the gel electrophoresis required for other methods, so 
that size resolution of different fragments does not limit the extent 
of the sequence that can be obtained in a single analysis, 

(b) More signal from each base addition in the scheme is generated 
than by other methods, since at any one step in the analysis all the 
DNA templates will be labelled only with a single base. In the 
Sanger sequencing scheme, for example, all the signal is distributed 
over all the bases to be analyzed, 

(c) BASS is very easily and economically multiplexed so that thousands 
of DNA templates are simultaneously analyzed with a reduction in 
cost and effort relative to current methods. 

(d) less secondary structural problems. 
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All publications mentioned in this specification are indicative of the 
skill level of those skilled in the art to which the invention pertains. All 
publications are herein incorporated by reference to the same extent as if 
each individual publication was specifically and individually indicated to 
5 be incorporated by reference. 

One skilled in the art will readily appreciate the present invention 
is well adapted to carry out the objects and obtain the ends and 
advantages mentioned as well as those inherent therein. The devices, 
compounds, assays, methods, procedures and techniques described herein 
10 are presently representative of the preferred embodiments and are 
intended to be exemplary and are not intended as limitations of the scope. 
Changes therein and other uses will occur to those skilled in the art which 
are encompassed within the spirit of the invention or defined by the scope 
of the appended claims. 
15 "What is claimed is: 
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CLAIMS 

1. A multiplex assay for determining the sequence of a strand 
of DNA or RNA, comprising the steps of: 

attaching a plurality of DNA or RNA templates with 
annealed primers to a solid support; 

contacting the attached DNA or RNA templates with 
a reaction buffer, said buffer containing modified nucleotides 
and an enzyme to attach the modified nucleotides to the 3'- 
hydroxyl terminus of the primer attached to each DNA or 
RNA, wherein the modified nucleotides include a blocking 
group and a reporter, wherein the blocking group blocks the 
addition of further nucleotides to the primer and the 
reporter identifies which nucleotide has attached to the 
primer; 

removing unreacted modified nucleotides by washing 
said solid support with a first wash buffer; 

detecting the attached modified nucleotide added, to 
each primer; 

removing the blocking group and reporter by 
contacting the DNA or RNA with a detaching buffer; 

contacting the attached DNA or RNA with a second 
wash buffer to remove traces of the detaching buffer; and 

repeating the above steps until the DNA or RNA has 
been sequenced. 

2. The assay of claim 1, wherein the solid support is selected 
from the group consisting of a Strepavidin/biotin coated surface, a 
derivatized photoactivatable glass support and a NELj binding group 
attached to glass. 

3. The assay of claim 1 wherein the solid support is an avidin 
coated support; 
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4. The assay of claim 1, wherein the modified nucleotide 
includes a reporter selected from the group consisting of metal ions, 
fluorescent dyes, radioisotopes, antibodies and chemiluminescence 
compounds, 

5 5. The assay of claim 1, wherein the reporter is a fluorescent 

dye. 

6. The assay of claim 4, wherein each different nucleotide which 
can be added to the primer has a different reporter. 

7. The assay of claim 1, wherein the detecting step includes 
10 excitation by laser and recording of the emission spectra. 

8. The assay of claim 1, wherein the detection is by laser 
excitation and CCD camera digitization. 

9. The assay of claim. 1, wherein the blocking group and 
reporter are removed prior to the detecting step. 

15 10. The assay of claim 1, wherein the enzyme is selected from 

the group consisting of T7, Taq, Klenow, T 4 , Pol 1, DNA polymerase and 
reverse transcriptase. 

11. The assay of claim 1, wherein the modified nucleotides are 
2'— deoxyadenosine, 2'-deoxyguanosine, 2'-deoxycytidine and 2'- 

20 deoxythymidine, each with a blocking group and reporter attached to the 
3'-OH group of said modified nucleotide. 

12. A device for simultaneously sequencing a plurality of DNA 
or RNA sequences, comprising: 

a first reservoir for a detaching buffer; 
25 a second reservoir for a reaction buffer; 

a third reservoir for a washing buffer; 

a plurality of columns, each column including a solid support 
for attaching a DNA or ENA template with attached primers; 

a detector means; and 
30 a fourth reservoir for waste; 
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said first, second and third reservoirs being connected to an entrance end 

of said columns through a first controllable valve to supply an appropriate 

buffer at appropriate time to said columns; 

said detector means, fourth reservoir and second reservoir being 

connected to an exit end of said columns through a second controllable 

valve to direct column flow through said detector and into said waste 

reservoir and to recycle said reaction buffer. 

13 . The device of claim 12, further comprising a computer means 

attached to said device for regulating the controllable valves and for 

recording the output from the detecting means. 

14. A device for simultaneously sequencing a plurality of DNA 

or RNA strands, comprising: 

a solid support for attaching the plurality of DNA or RNA 
templates with annealed primers at discrete locations; 

a plurality of buffer reservoirs for holding reaction buffer, 
wash buffer and detaching buffer; 

a detector means for identifying addition of a nucleotide to 
the annealed primers; and 

a movement means, wherein said solid support, buffer 
reservoirs and detector means are relationally positioned on said 
movement means such that there are repeated cycles of the solid 
support with attached DNA or RNA sequentially contacting the 
reaction buffer to add a modified nucleotide to the primers, a first 
wash buffer to remove unreacted nucleotides, the detector means 
to identify which nucleotide was added to each primer, a detaching 
buffer for removing a blocking group and reporter from the 
attached modified nucleotide, and a second wash buffer to remove 
traces of said detaching buffer. 
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15. The device of claim 14, further comprising a computer means 
for automating and regulating the number of repeat cycles and the 
sequential movement, of the support, reservoirs and detector. 

16. The device of claim 14, further comprising a computer means 
for recording the output of the detector means. 

17. The i device of claim 14, wherein the solid support is an avidin 
coated glass plate. 

18. The device of claim 14, wherein the detector means includes 
a laser for excitation and CCD camera for digitization. 

19. The device of claim 14, wherein the first and second wash 
buffer reservoirs are combined to form a single reservoir. 

20. The device of claim 14, further including a cabinet to hold 
the device. 

21. A device for the automated sequencing ofapluraliiy of DNA 
or ENA. strands, comprising: 

a solid support for attaching the plurality of DNA or UNA 
templates with annealed primers at discreet locations; 

a plurality of buffer reservoirs for holding reaction buffer, 
wash buffer and detaching buffer; 

a detector means for identifying addition of a nucleotide to 
the annealed primers; 

a movement means, wherein said solid support, buffer 
reservoirs and detector means are relationally positioned on said 
movement means such that there are repeated cycles of the solid 
support with attached DNA or RNA sequentially contacting the 
reaction buffer to add a modified nucleotide to the primers, a first 
wash buffer to remove unreacted nucleotides, the detector means 
to identify which nucleotide was added to each primer, a detaching 
buffer for removing a blocking group and reporter from the 
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attached modified nucleotide and a second wash buffer to remove 
traces of the detaching buffer; and 

a computer means, wherein the computer means is connected 
to said movement means to regulate the number of repeated cycles 
5 and the sequential movement, and the computer means is attached 

to the detector means to record the output. 

22. The device of claim 21, further including a cabinet for 
holding all the elements together. 

23. The device of claim 21, wherein the first and second wash 
10 buffer reservoirs are combined to form a single reservoir. 

24. A method for determining the sequence of an oligonucleotide 
template comprising the steps of: 

attaching a primed template to a solid support; 

contacting said primed template with a reaction buffer 
15 containing a modified nucleotides, and an enzyme to add one of said 

modified nucleotide to a S'-hydrajcyl terminus of said primer of said 
primed template, wherein said modified nucleotides include a 
blocking group and a reporter; 

adding one of said modified nucleotides to said 3'-hydro3cyl 
20 terminus; 

washing said primed template with a first wash buffer; 

removing said blocking group and reporter from said added 
modified nucleotide by contacting said primed template with a 
detaching buffer; 

25 detecting said reporter in said detaching buffer after 

removing said reporter from said added modified nucleotide; 

washing said primed template with a second wash buffer; 

and 

repeating above said steps until said oligonucleotide template 
30 is sequenced. 
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25. The method of claim 24, wherein an oligonucleotide template 
is attached to said solid support in said attaching step, and a primer is 
annealed to said template to form a primed template; 

26. The method of claim 24, further comprising a 
decontaminating step practiced concurrent with or immediately after said 
contacting step. 

27. The method of claim 24, further comprising a capping step 
practiced after said adding step and before said washing step. 

28. The method of claim 24, further comprising a capping step 
practiced after said adding step and before said washing step, wherein a 
capping buffer is used which contains a capping agent having a non-labile, 
in situ reporter, 

26. A procedure for automating the base addition sequencing 
scheme comprising the steps ofr 

attaching an oligonucleotide template to a solid support; 
annealing a primer to said template to form a primed 
template; 

contacting said primed template with a reaction buffer 
containing a modified nucleotides, and an enzyme to add one of said 
modified nucleotide to a 3'-hydroxyl terminus of said primer of said 
primed template, wherein said modified nucleotides include a 
blocking group and a reporter; 

adding one of said modified nucleotides to said 3'-hydro3gd 
terminus; 

capping any unreacted primed templates with a capping 
agent having an in situ detectable marker; 
washing said primed template with a first wash buffer; 
removing said blocking group and reporter from said added 
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modified nucleotide by contacting said primed template with a 
detaching buffer; 

detecting said reporter in said detaching buffer after 
removing said reporter from said added modified nucleotide; 
5 washing said primed template with a second wash buffer; 

and 

repeating above said steps until said oligonucleotide template 
is sequenced. 
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(enzyme immunoassay) te¥<DRJfcdmJB£tlX^^Z> a r.*"Le><Z>Ej£tC*5VvCI:i, nxh 

4$flft& 4 , 8 7 7, 74 5 1§-9!»l»5:t* BioTechniques 15, 324(1993) v 5 ^ 
y hfi$ff<0#i£»fc L-CCDf«JffljfeAS|B3te$tb, *®q$«3B5, 4 4 9, 7 5 4tWatR 
U^H^SfSfc 5 , 4 7 4, 7 9 6 -^TO*^^ ^ y hffi^#HMfc^^<7>Jfe 
JB#1B*&£*W 1#.BB3p4-2 6 2 2 5 6 *£Bfl5p4-2 8 9 4 5 7 

Analytical Chemistry 67, 3051 \Z.X$4 1/ Z *s v hUm^m^Kft^^mm^mM 
^ttTV^So $ixJ£, 4#SB¥4-2 6 2 2 5 6 -^Wcii* iSJSttKSIW^^^iy h 
tc:J:o-C^^/i-AJi{cTOJL-C*J$, ^B#(-5 0/zL (^ u V v h/u) I^WV 

fc^te^<75^ai^^5fcl^>^V^^M*L<, $J;i«l OOnL C*V V v bM Si 
Tti-5(Od5a*LV\ Ld»U rn^T^^^^aiy hSffUfflLTl 0 0 n L^T, 09 
iiflOnL~lpL (tT= y y Ww) gj£<D^aoi£4>^Hte^*<PKJS.. fllfcHEP 
CR-^S^Wfia&SrfToJt^tt^^^TV^Jfel^ fl(nBU^W s P4-'2 6 2 2 5 6* 
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2&t<DM-?fes KfiM<Dmmte5 O/jLtfc!), ffl6tikbm^%.f&\ 

5^ *@#fFfg5, 4 4 9, 7 5 4^|5#{^^>5 J: ? {--^^T-TS* 

So 
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«/■ c^ft««« 2 o ~ 5 o c p . MMmmn 2 0 ~ 3 0 M m-e£>5 0 &K&m(cj$)g 

■C«7KteS:^f-5 bSm-tZo ^©fcttcttl*, 3&KS^s^ y ^ tri^fc^tOSbMiS: 

atstfc if «t o "ciRflss«>?ffi®iSfuxs © ^p^ih W'hmMtmifcmfr h mm tti^g 

-TSOSrB&ih-rsrirdS-C^So */^^^it5t^ioT, V^®«{*^«LTt> 
«fcv\ 
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-t£&#-f 5 r J; K> , ^jM«F*iJ^^Sil:^ip]co«S^^i-5 CI b &X*% Zbb 

t>\^ yt&&*--m--i-z>z.btf»imbtj:y), -m^(DmmRxmm^^}±-r^^b^x 

5 3 3^ No. 5. 6~8I, 1 9 9 6^) o Z.flb<D&]&gmi-i, 

m^pc R&j&m&mit Lx&m-rz ^<Dx^m<D^mmbnmm^m^m^^^K 
t>x <D*sao>:*;'<— y^^zMmz^— Tj^r&m^ x^—^hffi&KWinjixft 

s^tifcpcRft^tu &fc<Dm$L&&t>^xfrb. m^^tm&mizhm^Diz. 
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(5 0m) PCRJ^^^®^ #iJx.(£LCR (Vtf— ^f-^—ly 

t&X%% 0 SJt^Brt®«Z5 = — f-fymfti LTf4, — Jftfc, ®gftm<Z>©#355^* 

V"-M x ^y ( 2 - ^ !J ;Vt^ri/xf U l) ^- n-/f /M ^ ^ 
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h) ifas&lf btLZ> a Sffifit, 4 6# s 10^ 8 8 0- 

8 8 61, 1 99 5¥) s ^.(D^X\ T^M^thX^^XX^L^^^]) (2-t Kn^i/ 

tf? y (2-fcKn =3f vo-9vP;X ^ ^ y h) (S/'^'V T jV R y y ^v^^gi) 0 . 

CDn— ^^^fgi 4 3^n<7)^M^^<— /H 4 2 ftWc#/^-^7* 1 4 

^ >riz.mm-?$Zo Mx.lt, tfV ^u^yy a— /wr>@j£ (G. j. m. 

BRUIN S^—- 7VI-- • ^n-e F^77^f- 4 7 1 4 2 9 — 4 3 61 (1 9 

8 9¥) ) „ ^yr^y/wr^ k<dh5£ (s. hjerten e>, 7vu • ^ • ^n-^ 

— s 3 4 1 9 1-1 981 (1 9 8 5 #9 ) 

#MlX, 4 4t, lOf, 4 3 4-4 3 91, 1 9 9 5¥) LTk<fcV\ 
0 0 /* mOTitS©^ LV\ 
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*s^aiT?# s 0 t RfS*S4^ 1/1000 iztetifc m&± Log 2 1000 = 10 

^#^52&»U&V^£V^^fcft5o rCO^S~C\ PCR£tT9&, ><£> 

i o s 2 ffi-OTKSS^fM^^^^^-riais^w, mil nu^mm^yt 

Unlit h^ttDNA^Aot^S^ (+) t. Aott^^ (-) (D&ft*^ 

i? h^&m-rm. mi 4i^m<Dmmmw$&M. s i5i± c+> (-> <dtk?^ 

tf^fe^K^ia, mi 7(47K»itiisi«^. mi 8 {4 .'(+) OTk^t (-) <D7km 

m, m 2 o (ifrTt^^oiijjp^p^m, m 2 1 itttmzz&^mmco&tgffl&M. 
@2 2«H^^rt^pcRKj^M^AHfcs^^M^<»— M^-^±®m. m 
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-rm, m2 8mt®iM Ck^u ©Mftt^ti, 121 2 9 imtSM (t/^*^ 
cosm^^-tiil m 3 0 ittmm mwmmm) (Diwgmk&m-tm, m3i 

^-o^?ia^i2i, ni3 3tefcifci&Tm<DfcfcWi<D%;yt*'<? b/^^-rm^ m3 4^ 

f&llTlliDglSfl©^*^^^ h/H£riS*t12U 121 3 5 ii^^Tm^J^^m^^^ 
bJl-^-tm, HI 3 6 ItSJSIITiOM^t*^^^ h/l'SrSHI^ HI 3 7 I1DNA 
^ ^^oM^«$*7tKJS^R^Tm<^^^-<^ WU£r7jt-tm 1213 8 
liKfJ?H7t©5f&t©t^^^^ W^^-fHk H3 9^Um^ ^7 )V^ntz.^zf 
(+) frftt&^Wzf/v (-) (D#)t^}t^Ri:G<D*iJ-^^^n^ hb/tH, HI 

sir, mm^m^^x^mm^mmmm^mm-t^ 

Him. ?fi^^L7t^/^— ^t^^-o-^ ^^5/ h / xv^^Ttc^fi-^^^tbS 
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>Sfctt£>$&ffltfS**3. JftSUl iffWaTOSi. H13 (a) <75«t5lC7K 

01 4*SjftJKl 1 W JiSP^itHi LT^^Mn, ^l§LTL-*5c fo&VSi, @ 3 (b) 

HI 3 (c) ©J:^i«^5rt^v\ c^bii, ft&flHl l 

*!i£ri5?Rg«Jfc»g\ EI 3 (c) OW^t<'{^3 (a) tK?K 
£\ zKffi<P^EK:fflIimLtfe><^$*i5 0 ro«^|yt:0 3 (c) otti^S 

i^y^^xy f^y y^MJ -5 0 0 C £gSRK:{£JB Uh. *y^n^ffl^ Kir. 
, IH rTORAY PURE LV-1 OTj -trM5tL.7t^M*^T?E%b N B±tt}$-fr 
fc, r?V l"?<Dmm-Z. st—y-r/ls^ls}?*. — ? (NECM, PC9801 ns) T?=i^ 
hn-/Ua-K TEPSON ESC/P J 8 4 J (D4 y — 'i?'«mfflt«BS:ffiffl LTff o 

C7>y y ^©APffc&fifc-fe U20dpi (720dpiX720dpi-C\ BASH'S Ky 

8 3 0 4 Ky Mtfcl±5Ut££, £ffctf>iftftW:4. 0 m LTf&ofctzrtf, lKyhfcfcDro 

7kiig£tt5t£i3:3«£ u-CI±, WiM*/^^7^ 18mmX 
18mm, m&0. 12~0. 17mm) ^fffiLfc 0 £<Z>#/^- ^xSr^y yyir-fe 

K^n i^oc y ^ffl©!^ xX- h -eft s (Hep U5t&T» 1 0 mm X 1 0 m 

mmX 1 8mm<^|fl5^-2 2irTO^^— ^° (if/<yJjWy^CW-1.8) T?5&^ 
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rt»P>&5iftBI£:&*lfL;fc 0 MU^^H-SfSfflte. ^^^SB 1 OmmX l 0 

mmO§JS^< •? ^*»tl/fc*fR^ 2 1 T?&5 0 ?-{?0tXy Ff-gt (UL~5// 
L) W^^fc*^— ^9*±t£:fcv\fc&i:, t^h^StlOmmXiOmm©® 

^U7ti*5 0-efe«9, 1 K-7F©7Kl2 5^8/3 6 0^yf (0. 5 6 mm) ' <£>IKIWh? % 

(S@5 0 M niJ^T) iidSfcSo -ttfi, 113 (a) ©W^fc5St*lfflL 

*fc, IH3 (b) ic^i-^ptc, 7K^M4 , (^MbXV^S^>^m^$i^a^^>fc 
5o *>SVMtx 0 7O«t5li. Sitb7t^0flci2ocO7k?03 2, 3 3*s«^**bSri:'t>*> 
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A : ->^-7|jJ!U^7W^M5 9 0 4 CRK2 0 c p) 

b : mmt^nm (W) = v^mf 96-30 a&s 3 0 c p ) 

C : _L!EB £ TIE E £■ 1 : 1 bfc^ /I' 

D : -<y^^^W^fetS:^^^ffl^/l-3 3 0 2 4 6 (M4 0 c p) 

E : mmit^TM (W) S'Vyay^^KF 9 6-5 0 («5 0 c p) 

f : m^'mmmtmmmmmm («5 o c P ) 
g : mm^mm^mnwEmmmm. ioo cP ) 
h : m^mm^mtmiEmmmm <xt&2 o o c P ) 



i 



$-<4 /UD 


^[TL7t^/UDft (juL) 


1 


2 


3 


4 


5 


A 


4 2 


6 5 


5 8 


2 7 


0 


B 


10 0 


10 0 


5 8 


2 3 


6 


C 


10 0 


10 0 


9 6 


7 7 


0 


D 


1 0 0 


10 0 


8 5 


3 8 


0 


E 


94 


98 


7 9 


2 7 


0 


F 


6 


5 4 


1 0 


0 


0 


G 


1 0 


4 8 


2 7 


2 


0 


H 


0 


1 5 


2 7 


1 7 


0 



m i j; 9 x d r. -conggM^jfcr L-cftfi^^ /uoJte^tt 30~40cp. aNf /ko 

100~2 0 0ppmm *rtf>;fctf\ ffiK^i-^raflaftfiTKiHSrifcfiStL^'t), KJS 
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sas-r * * % sjEETkiR 4 0 ^B^-cD^M^iS < 75: s 0 mi*. s^fflTKM 4 oft 
&mm*m 4 1 (Dtajsu-m-z t <t < , fc^ra*-? t <t v \ gosffizK® 4 0 » 

< , w^.«ia 8 c b ) tc^rf j; 0 ^Kmrn^m 4 0 L-ciag-r 5 & tn* ©fiestas 

#x.£>*L£ 0 Mffl7KM4 1 S:ftffli-5f<;t3t>U:. EU8 (c) te:jjH-«fc 5 1^ RJ&fliTkiSI 

4 0 m^^^mM^xuw\^xhmm^K^m^m^mm^mmmm^m^^^ 

mWH^ n-i^yyan^ y^r^xy h^y y^M J - 5 O 0 C^fflv\ 
o^ffl^y Kfc, KHR TTORAY PURE LV-IOTj LfoSfjBTR^ 
3fc£EU ^^5*aSI!S«aSj|5ffl*^— (l 8mmX 1 8mm. J*£0. 1 2~0. 
17 mm) [214}^-r^*ft{ciry h L-C^r^±(c:^7K^4T^ 

J±5L-^ 0 */<"^7^(uilit/ct^Miv'^iW^7/^^M5 9 0 4, m*3 

cfc 5 till 2 4 0 /z mgH©R®|:fiit 

H 9 fca*t\fc 5 it* ^(D^mzW<>tzffimi/—;i' (^gjtffik in situ PCR 
ffl~>— /K Jl^l50fim) 4 5^r7J^— 1 OcDfficD^IfiD^t?*, r.K>±tf> 

w 5 b-C^Mb/cSJ^^^H4 i^Lfc^^^iiJ^ U *y— - r/HM ^ ^— 
df-yx^v-tgDNAt— 7^fY ^ 7-4 8 0) <7>t — h^n y^_L{£<£g\ 9 4°C 
1& S 5 5°C 1 £\ 7 2°C 1 ^iSaMM" ?/\,& 2 4HH*9igLfc©*,. 7K®»*tfi8Srffi 
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^*M£Jt^r&;dW£< &oTV^c 0 mte, ^^tSBOTkiSfciatL-Cv JliSg&wi 2co 

<vftm®mk&mim^%xmtfm:hmt)-eib% 0 z.<Dm&. mil (a) i^-tx?^ 
mi oammtmmi i(o±wiLfc*/^5o iowpi^r— jb.^j6-ctRMi 3^ 

5 0 ^<D<D^f?tMH 11 ( c ) \zltM- «fc 5 tclWRI&JEIf &*tfe&^/8 L 

*/<-5 o tmmi o&mmnmm&wm-f&mffitvx. ikhmm^mn, mi 2 

(a) Jd»fMSrl&Srt-5^<— 5 0, SS10, SKt*^— ir©|RllW^ft«^5^^— 
t5 2, 5 3^£#t£<Dfc5gW£&fflU HIl 2 (b) t^-T £ 5 ^^-(C&tKM 
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KC 1 


5 OmM 


T r i s -HC 1 % pH8. 3 


1 OmM 


MgC 1 2 


3. 5mM 


d ATP 


2 0 0 nM 


dCTP 


2 0 0 uM 


dGTP 


2 0 0 fiM 


dUTP 


4 0 0 nM 


0 -7^fV7t7" h^^^^—mn^l ) 


3 0 0 nM 


0 - t y ^zfy^f (ia?ti#-i§- 2 ) 


3 0 0 nM 


/3-T^^;/n~ :/ (IB?iJ=g=-§- 3 ) 


2 0 0 nM 


AmpliTaq DNA*°!) ^ — if 


0. 2 5U///L 


Amp Erase UNG 


0. 0 1U/VL 


t hl§t£DNA 


0. 2ng//iL 





IE?(!#-*§- 1 5' -TCACCCACACTGTGCCCATCTACGA-3' 

m&m j ?§r2 5' -CAGCGGAACCGCTCATTGCCAATGG-3' 

BH?IJ#-^ 3 5' - (FAM) ATGCCC-X (TAMRA) CCCCCATGCCATCCTGCGTp-3' 

fcrtTU xnV >3>— »ov^v^^ \y^tf-h\ p 14 U ^BWkSrSVTo FAM, T 

t^ttDNA^AotV^tO (+) , AoTV v ftV^W (-) #3 0 0mL^11 
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50^1^ 9 5 °C1 9 2°C1^ 54tl^, 7 2 °C 2 * /l^Sr 

40^^7V#i95gU ££>^7 2°C^1 0^1S^$i±-/do 
SJSUTt, (+) £ (-) CD^^^riL^tLl^cD^a-y^^fCo (+) & 
(-) ©it^illO/iLl:TE»l (lOmM Tr i s -HC 1 pH8. 0, 
ImM EDT A pH8. 0) 9 9 0 u L ( B*^im 
F P - 7 7 7) -C^^^^^ h/^TOL/to 

^ (+) AotV^IV^f^/V (-) tifc^T. 5 20nmftl©f)fcM^i< 
(+) t (~) (DmWLK^^fVft^^ / ^^^y KiCjfe^U 

V h'<*— ^llLs m2 Ky hX^2 Ky h<7>4 Ky ^ 5 MfeiTb^ff ofc 0 (+) CO 
Ky hit (-) W Ky hUtt, SlSOl&O. 7 mm«UXR— ^*±l£fTfc 

(+) crj^t (-) C0?§^|T*>mU7tfe<k. *^-/7^.±tfi5/iL©^/l'* 

iittiu oa-y is'<xyt&xmiM. imt-2) -cmm^it* ihb, 

was (-) <oi®RA>e>*5*«i-cfe*o *«iiiasifi3 o o a m©iiffRf jsc 

w<D2o^«2K}KSriajlSateSJlft4 8 0 nmCDB®fi"C*£3te«l£'Lfco [Sl5«U HI 
140± 5 leafed (+) <7)7K^<h, (-) cD7k^^7tm^^i-iS^C^X^&So 

ilSlc^^^i^l^ Hm±^<, &AsfObLfr (+) ?>*Mt (-) (Dim^m 

(+) cb (-) <7>|^*ig«^*^-^^^±o^;i'^^5 5l^tI*>tUb 
fcfcfc* 016 (a) {^H-i5{-, */<-^5^10©jSSlJ5 6, 5 7 IdPifflK*^— 

7*&-b 5-W9#ftfc 0 ^^p]®^*^— 7°<7DJit$(i^J7 0 vuiitfe*), 

4 o Mmic/iSo &e>i^ mi 6 <t>) i^tiMu, r^siot 
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^«^Lfcfci, ^>o<9^«L7t 0 i§ii6 (b) <d£ o\cmmcmm^yt^/u<D 
(-) <D*.m-?$>z> 0 z<d£?^ 7kmte, ma (c) ^m^iu^LTtj;?^ r& 

Da 1 8 k:*jH-J; o (+) <z>7k^O^ (-) <D*m 9 ^§iK 3fco-cv^*£ 

tmm-rzmm g i ^©t^*^ &v 019 ( a ) ^b&^-ts £ 5 6 

^ 7ki^#ft5lft6 2^1(«tt^fe5t§^it IU1 9 (b) cox^izimm 

#HS*P4-2 6 2 2 5 6^#^}^ ^7k'l±^iS<7>_h{^ V* y hT'StttJ L7t$c£r 
V\ £fc, 5fcS#fF|g5, 4 7 4, 7 9 6-5§-[£t^7Kl£, fro fc±\Z 

IIIfflA^^7X (1 8mmX 1 8mm, ^§0. 1 2~0. 1 7mm) i^v^Vft: 
h£^?frU ^^-tir. HItM^- h£ifcL/c 0 JidfecD^l £[r| 
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3^;l.KF9 6-3 0 iKF-5 0^1 : 1 COm^XU^ L/L^cdt:\ /U<oW?fc 

atttJU ^*T?iB£-i-«::£t£fc3o HI 2 0 (a) {c^"t"<t 5 W'bWM 

1 3 asstg 1 0 (D^ffiWtfLt^S <h , ffcfifta&tfsw&t?*) "9 , 7k?i (i*^) 6 5 £>ii 
jS^d5SS"CS>S. — ^ 120 (b) t*t<k 9 1 5 1 ^ ^rtoT 

M»PCRfflll*;v^ (l) 

tS§3K % in situ PCRiitLttt, *^;VT'X7-{ K^7^^T*t- 

ny^JitcKiSi-S^^^ibO <0flx.li, ^S#fF^5, 5 3 8, 8 7 1^Ht# 

altera uxatp c R^tt 0 mc.mmmm*/i'#~*<m ufc. 

02 1(1 *«WfcJ:5^S8So5MS?*aScia-cfoSo HI 2 1 ^tJH-J; 5 KJ&ggg 
1 0 OI4 2tfc<Z>®W=El 0 1, 10 S&^fetc^MV^fcaft^©*'*— 1M 0 2£r4l*LT 
g5*'L75:«jg«:^i-So fS^& 10 1, 10 3 W«{i^7^*fcC±^^^y * fci"5 
ff&f±0. 1~0. 2mmWill/\ f- 1 0 2 atf V mkt*—jU 

<0ITOK*f t <-^ , -e«^i-« r t 4 J¥$ 0. 0 2 mmM^#£ LV\ MJC£^«& 1 

in 2 2 sjessw^c p c RKft^Atit^Kit^^(Dmm^m<D-m^-t±mm 
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1 0 1 Lfci t^^SDflW, 10 0 <£>»iDiW£l5 1 LX^iJffl $ 

tLS. KJE&SSS 10 0 GDftgPii^iM' /V-CSSffc £*W 1 0 n LHJt?} P C REJ&SK<DzkiB 1 
0 4 ^-HBrtfiBlc^&$*l,5o P C RM©*I 1 0 4 ti, i** ?/ 

&SJESS*rt»c:flr^i&*ixfc<><7>-efeS. ;?MVW4, P C R^ffi<^*m 0 4 «rfT*>5& 
trSftfcRJES^Srt^iWfc U-t*3V i> <fc V ^ U PC RM©« 10 4 SrtT^j&Ay^ 
IctKJS 10 4 J; 5 \c LTiWfc tt «t V \ ±W«5JSW*E 10 3 ^x^- 

tl0.2 <0fi5ffi46«^-^±icBai8 L-C«f#H-« - 1 100 

l^L^JKfS^S&l 0 0^6f@HX^-rsr.i:^-e^5^#^^*-U, *M£l 1 1 WS>$ 
«tl 1 2t&mi 1 3&i*lt#l!$^5 0 1 ltt, W^ntVy^P, 

&5»r!i^-cfise>;ix-a^;3 0 1 2»«cv^fifci»i!BtRj5»fojfci9, eio^j^-Sv 

0 0*s»A$*L5ftil^S:6®^rt-5„-JiS*Sl 1 3-tt!Sfc^t£lcffi;ftfci*v>r 
»)&^-CO^J*ETff^bHS. *M*1 1 1 cD^iJcDfOT 1 1 4l^yny^ 

2 5t^tJ;9t, RJtS^gl 0 0&*/^-*#l 1 0<7)^#l 1 licioTM^ix 
* 1 2 0©±ttlt5o llll 5l4 5mm»3t§^U 

«WfffWtTrf^e>^XV>5 0 10 0. 110, t-h^py^l20 

H/»l§(a4PCRKJ«£AtLi\ ftb^w»*3t£rtfAU;fco sfr/i^— ^/Hf 
4? 7— (/^-=*->^c/l^— *± N DNA4 8 0) ±HtIL, 9 2°C1£\ 5 4°C1£\ 
7 2°C2^te-^^^/^^L, 7=^/M&Kf+ (fiUHmHI. 3H#2 5 7 5) RtJ^ 

^l^n— (^7 7T7^I, m#sr6 s i 2) &jsv^Rjas^iw<B&K«:«B« 
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•fr (M2 1©^- tM 0 2i£tiyO ^L"C*^— ^^Sr^U Xst^-.f^xtx 

in situ fflCTSOt- h^n y ^ ^/HM ^ ^— (^git, T P 3 0 0 

0) t^®U 9 2°C1:9\ 5 4°C1^, 7 2°c2^^at^-r ^^HiSbT, 

/^a^tf (mwmm. 1*2575) (^r^y^ssk s#sr6 

512) ^v^s^w»^cD?a^^ia^b7t 0 m.m\,ti^-—^;v^^7—<D±M^ 

Sfc, ItM&tcibl^ in situ PCRffltfOt— h^n 5/^^^L./ c eV^^<75^C^> in 

situ pcR<D^m<D^mm^^m-<f^ k^^j^ ^y^bif^/K^^E 

y^5>^2>^-<— ^ OH 2 leo^^—lM 0 2^*BS> Sr^LT*^— 
gss£U ti^—y^^t*?-! b^yx&mm^yy ny^/^^u, 

iwi^— DN A4 8 0) tORIELfco 9 2°Cl£\ 54tl^ 7 2 °C 2 
W^/^ItU ^^^/UiBJKth (#UHttg& it2 5 7 5) RXJ^O-U^— 
?7Tv?& I#SR6 512) ^m^X^m^U<DU&^mmi,tz 0 ^(D J ^Wz s 

in 2 9 icZLffrrz o nmium t zmm&izgfribo tc 0 

mz.HM<Ottlbl^ in situ P C Rffi© t - h ^'n y ^ t ^©^51?© in 

situ p c R<D^m<Dum.mmw^m-<fc 0 

Fy7^±l:, ^ytSftlf— /uojSaB^T 1 — ^j6>6>/j;5^^— ' ^ (02 1©^ 

^7— df^/W-vHtU DNA4 8 0) 'tOKJBUfco 9 
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2 °C 1 5h 5 4 °C 1 7 2 °C 2 #<7)?&jSl?--r ^ /WSrHiS U v^ 5 * /Wffltffr (#U I ItHI, 
1#25 75) J&XI^V^—tf— {*f*77"ry?m. ISSR6512) £fflV^T£OS 

in 3 o {c^-r ct 5 9 jEmzmsmm £*vcv^ 0 tctc u m 2 6 t 
(t-h^tas/^oj^*, mBmmcm^t. mmi-smix^^^ 

^7-i20i /Jvi^— 110 telftitotttfx t> J; v \ 
UfcfcS&SS© P C R Jfl AnfftxlvU'^— ( 2 ) 

20 



WO 98/58240 

0, HI 2 1 iZ&l,1ttt&m<nW&P CRMf^^- fflbft in situ PCRlf-v/l' 

«1 3 j^#Srg5*L-C*fig*^S„ J©i£l 3 2S^fe#Kl 3 1 'li, mfc 

*SJlX*S^:«:1fij!fc«Jti-*. ^-13 0<DiW«: N in situ PCR-CffiiSii5 
m.UMm^y4 h'Fy^bffl— (D^-^T (7 5. 9mmX26. ImmXI. 1mm) 

3 0 C7)< fS^^tti&JiA/^H.^S^So K/fcg^l 0 0 &aM^— 1 3 0 \Z. 

Si 3 3«r*JBtBrfiB^l&»)f+ft5„' 3 3 S^Wffidfgtb/t^V^M^b^ U % 

KJtJa^Bl 0 0 4:*/l/^-*frl 3 OlC^^-rS^fiJ^^i-So £fCs ^/^— ##1 3 
0. Rj£&g&10(K BifeSl 3 3<DIB]«>f*ReaW**-fliS«>«3t«>. BRIBSr^/i^feSV^H: 
? V ^xt'ifcto ih— t/HJ-^ * {.^KSf-S i: * W±> @5fetR 13 3 (D««r t — h 

i o oasjga^^fe-cH^sttrv^iJiv^ 

4^ir*Jx.y h^y b*t U-C, ^y^^-Y^^v^^y h^y >^ (MJ 5 0 0 C x ir 
^ a— ai^y co^e / ^ a EPMffi^ s> FOT U ^ ^ * is*, y h «fc o -C'$cfiol£ 
3&SriS£*U 1 0 n LCDPCRSrfTofco PCRR)5^^t^i*) 1 (1) -f^v* 
„ h^>> KrtlfPOa— r-f (2) r/f^nDy hyW^^r— /WWRjSS»=t— r- 

-f (3) W^nyyh/w *—jv^<DWStkWt8t. ( 4 ) $[]&8m$m<ofcmtt& 
tefOfSm^- (5) TkSBSWB&lhOTtfe^^S^SrtSPP^., (6) PCRKJ£f£ifitf>>tJ6 
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KC 1 




5 OmM 


Tris-Cl, pH8. 3 




1 OmM 


MgCl 2 


3 


. 5 mM 


d ATP 


0 


. 2mM 


dCTP 


0 


. 2mM 


d GTP 


0 


. 2mM 


d TTP 


0 


. 2mM 




0 


. 3|i M 


&— T9°f-ls))/*— 


0 


. 3 nM 




0 


. 2 (iM 




0 


. 1U///L 


7^1^-^ UNG 


0 


. 0 1U/m l 










1 


n g//x L 



£<Z>RfSiK£\ F»rt3l^»L, ^ynv (PC9'80 1ns, P $tli) 

mLfa-^l^bt w*U$r*ft9igU ^f+4 0 m LOS^^ftfc, 4^:600. 5m 
L^ — y^C/hWU -f— ?rvy-4Z"7— (DNA4 8 0, dr^^vl^HK) ^"fe 
•^U 5 0°C2^ 9 5tlOMi N 9 2°Cl5h 5 4°C1^\ 7 2°C2#£4 0 

KJ»TiL IOaL^MI^ TE1W (pH8. 0) ^r9 9 0/!LM, ikit 
(FP 7 7 7, 0#^®D -C, ibfcx-^ h/WSraajeUfc. E(ijEjffiStt4 8 

22 




WO 98/58240 PCT/JP98/02389 

8nmtiLfc 0 Wtfe<D&^ 4 OfDih^Vl^V vf*u&»e> fc® 3 3 (O <fc 5 ft^ftfi:*^ 
as#b*lfco i33^E§i, Mfe*FAM^®5 2 0nmWt'-^^ ^3fe-fe*T 
AMRAft*©5 8 0nm(Dt- ^<fc*9Vh£v\ P C RRJSj&SitfT L-^^ofc 

^rrt:\ mm<DW.M$:ffi±1rZ>tzib, BU&fo&3E&tZ>m\^ 5%-)^M7/^5y 

3 4 ^TjV-rigft;*^ WW#kixfc 0 ISl 3 4 <!: „ t»FAMi*© 5 2 0 n 

mOt°~^^\ ^^,*TAMRAfi5l5cr)5 8 0 nm^t'"^ J;i9 t>^:^V\ CliXtaP C 

SrffcifcUfc:,, 0 1, 10 3<D-*t~mm 8mmX 1 8mm, 

*s<— tM 0 2i UX^V^TtfJE© in situ PCRfflHi*^ (^@5t®D O^i&fil 
8mmX 1 8mm, 'f^IEMcO^ll 1 OmmX 1 0mm, g$i±0. 2mmtfe§ 0 

E£<7) P C RKftt 2 0 m L 3rl*3M;iAtK , ±fiI*^—^7 ^ 10 3 SrK9 

50££-ti:fc 0 KJS^SSSrWaKLr, FTO^KJSfig£I&>3 ttS U TEfft ( P H 

8. 0) T?5»i6r, ^jte^^ h/vtrSlJfeUfco 03 5J±*^— ^7^1 0 1, 10 3£ 

••yy 3^=3— h Lit&k. M3 6i*v^y 3^3— h ufc^ofcs^tbte*^ h/u-efe 
(3) -r-Y ^_gjLz h/vx^/u^<psafe«jeg>jftg^ 
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fo-ZEflSTZkZtib^-X, IffiF (0. 025U/ftL) . 2ffiF (0. 050UAD 
5ffiF (0. 125U//iL) , 10§(0. 2 5UAD tL, f 

Z—'F-y hDNA&#(Dfc&<DPCR<Dj£a$<; 
Takara Ex Taq (MMt^M) 12. 5 jt L (6 2. 5 U) 

lOXEx Taq£g1if$j (£fgig») 2 5 0 n L 

dNT Pfi^E (^BafiEBb- 2 0 0 /u L 

H-!Jy^-YWAttlD 25/jL,(250ng) 

^v-F3 2 5mL (2. 5nmol) 

^V-R3 25/jL (2. 5nmol) 

MMzk 1 9 6 2. 5/iL 

HI 3 7i2 N ajj£$*T,£3^;*^ h/l-^-r o S3tfe*FAM^*©5 2 0 nm©k°-^ 
is MiTAMRA*^(7)5 8 0nm©fc e -^^5t s H*** 5 2 ~ 5 fiT?— ^ 

5tt^T4fiK0. lU/(tL) IdU 4fla<^KJS^iZ15te%UTK^Ufc<bw^ > 
V-ftlfc, H13 80i5/£t*^ h/1^6S#e>tbfco 

ii^*— ^rtco«^tew4fff (o. 1UAD W±^m^^-efc5r<t/5^^o7t 0 
(4) S^MIMM^<Mi±Mte^g 
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(5) 7k^mi»jhofcfo<oRj^^aug^g>tim 

2 0^38*3 #tt7t 0 i3%&2 0<Dtfn&~7 : 7^*y?m<D^—bX\ ^$(i70m 
mX 1 2 0 mm, Mit** bfc^ 2 1 $ 1 OmmX 1 Omm) lC$J 9 tfe 

>^tf^U ^^±t£*M£#&bfc 0 ■ Mfctf* 1 OnLco^KSSSr'^a-fSfc 

H<05E*1g5r5|Hlfifa5*j't-5. 1 K ^ h |Si4 0p 

L-efcSOt, 7X7X5 = 245 K-/fOfti±s 2 4 5 X 4 0 = 9 8 0 0 p L , o£ 

MIS CS5 4] OlI^OSJiSI^, ^^^x-7F/X;^f,fil0iiL (2 4 5 
M «r$H£U'#&&, iS^tc:, aMVV' (~>yny^;VKF9 6-50, M5 0c Pl 

M2 1 <D & ? t£&J&m&&mfr&Xlto ^-tiLt, rfTJlgO in situ PCRffl»> 
— ^ C^SifiK) &&Emi,tz<nx\ KfS$Srtffi0J|[$|l»2 0 0 /t mfcfeofc. ^<z>^, 
ia4SW&-&«a»b^9lttU 0 2 4, HI 2 5 bfcavl^— 50t2 

£\ 9 5t:i0^)fct, 9 2°Cl£\ 54^1^ 7 2T:2^4 0^ £vt*fc*)igU 
IEIH7 2°C1 O^fSSStSiaSt^ ^/WfeWtP C Rg^ifci^ofc, 

£0»Tf^ 3£ft»|&gt (BX6 0, ^-yw?^^M) -em^bTto #49*4? 9 
% ?-asy Hi* WI Bdf^— y-C, Br®^4 60~490nm, 1fc}tej&5 5 1 5 nm 

fflbfc 0 TISO [*5] l^«©HRSrfTofeii^ 
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& mmmm 

KCl 5 OmM 

Tris-Cl, pH8. 3 lOmM 

MgC 1 2 3. 5mM 

d ATP 0. 2mM 

dCTP 0. 2mM 

d GTP 0. 2mM 

d TT P 0. 2mM 

i3-T^^V^^r;-K^9-<-f- (IE?IJ#-5§- 1 ) 0. 3/iM 

(@E3W§-2) 0. 3 nM 

p-T?<f-^-7x2~-7 (IB3W§-3) 0, 2 M M 

Tlsyi)*?? DNA/Ky ^ 9" — fc? 0. 1U/Vl 

T>^U—^ UNG 0. 0 1UAL 

j. DNA (i£^lJ#-^-4) ! n L 



(a) Stf^CQ^tP^UT. -<y^^xyh^yy^^b2 4 5 K>;F (lOnL) (D 

0./im, 3&<DB#«1 5 0 umtfc§ 0 t^/Uiltlt (M5 9 0 4, 

v^VT/P K y y ^v^ir^^) £ V =t ^^4/^ (K F 9 6 - 5 CU If Mit^) £f£/B L 
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(b) &fc^mfto)7km$:m±m$ikM (ty^, imt-2) -esygu ^m^w^v 

5 0°C2;9\ 9 5tl05) 11^^ 
9 2°Cl^s 5 4°Cl£\ 7 2°C2# 4 0t^^^ 
7 2°C10# Hh^^ 

(d) ? )vwr'&. nxfKJt^^^m^m^mwM^mBvt^ Tkmcomvm 

^M%^*^X*s<V^>'\zMty&^ mi^Mtify? b (NIM Image, National Institute 
of Health, USA) S fcfllje Ufco 5D^SirtSB©7kiiS^»lltt»T?«|Ri-S i % 

2^^/^-^7^^*tbfcR^W^fco7t 0 Umy-J ?/^<Dm&X\ 5tf£^3§f*J 

(e) ia^^^/w-flfr^coTKSio^SSritttL, 7K?®<D^/^-.<D?^tt}^^#ffibfc 0 



*6 





i 


2 


3 


^FW>/¥£ (Mm) 


5 0 


10 0 


15 0 










(%) 


13.8 


16. 8 


2 7.7 


mmmm (%) 


15. 7 


2 3.1 


16. 0 




8 


8 


7 










mmm (%) 


-0. 8 


3 3. 6 


7 7.5 




2 5. 5 


11.8 


2. 7 




5 


5 


4 
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(6) P c R^#ii^>fc^cQ^comac9^ft 

#U ^W^^^^i-^i^^tLSo ^IX#i^i|tt, «PCR£ 
m&<D 2 0B^hotc 0 4 v 5 ^ y Y J X/l^ib$J 1 0 n L ( 2 4 5 Ky h) ^l£L, 

mum) Lfc 0 ^ mt^m^ v =* >>-f f 9 6 - 5 0 % &m 5 0 c P 

KC 1 5 OmM 

Tris-Cl, pH8. 3 lOmM 

MgC 1 2 3. 5mM 

d AT P 0. 2mM 

dCTP 0. 2mM 

dGTP 0. 2mM 

d T T P 0.2 mM 

/s-r^^y^— ^9^-^— <E?d##2) o. 3mm 

&-T9 s f-ls'7v—zf (@E^iJ#^-3) 0. 2/xM 

Tl/-?V9y# D AN/K y ^ 9 — if 0. 5U/mL 

^-yroi^0 2 Of ©it) 

r^u-^ UNG 0. 0 1U/mL 

hDNA (SB?iJ#-S§-4) lng///L 
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5 0°C2:9\ 9 5 o C10^C0fci, 9 2°Cl£\ 5 4°Cl5h 7 2^2^40^;? 

fco g£i§tf>M*. fJIJtlh^/i^Wc^y^V' (+) ^tt&vv^y^Vi- (-) &lt 

-<z>b, te^tv ti&ftomktimmzfrtco (+> nm^^m^ <-) h#o^v^ 

(+) <b (-) oKJSS^^m^^ii-, ^^*M^-^»^*^^ufe 0 7 
-f/W-Mi;*;^ — R:7^vw» (x^^^nw.^^- EX< I SOI 0 0. = 

fc 0 2ocD7k^(D^®^O^tDfi^3 OMiot, ^ (R) , & (G) . W (B) 
^■fe^?U7t-fil:$r*i6. R+G + B^i-^, R t GCOf'J-^Sr^n y h LfcCO^HI 3 9 ~C 

fe5 0 (+) t .(-) ^tto#^9^S^^L^:v^sr ir^^So 
(7) gggfeM 

T:\ ^ co^#TT? P C RKJ& £?to fc 0 

(b) »OP^Kih<b7k^^TOih^^^i^fc^^®^-x^>'^ 

(c) @^*<7)J#]gtc:J;§PCR^c9fjeii 

1 0-^/ ]} y h/l><DUMPCR<ntibb<D&m'DNAb LX. t hOj3— T^^aHS^P 

at;VT*f5";^ • IM^:^. 8 6133~6137I (198 5^) 

^£*VCV»3 0 20 5 8#B35*e>2 5 5 2#@<OtSSBaa?IJ, g^4 9 5bp© 

(SE?iJ#-*§-4) & % ^/ADNAtf»e>ii#jafc;*4r— ^ea P C R^fc#£rt-3 C K 
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m 4 ) CD P C RSM©l»&tTofc 0 Kffcm<D±fc<DmAte 2 . 5mLitfc 0 ^th 
&5 0/iLfo4 8*»0. 5mLfa-^/hMU 1h— wHKf ^ 7— (DNA4 
80, ^—^zxl/u-^—M) fzi-tr^hU 94tl^ 65°C1£\ 72°C1. 5^3 
i^/K 7 2°C 2^ 1 ^ ^W>>£>&£MlM' ^/M£aWc 0 

^v-F3 SB3?iJ#^- 5 5' -CATGTACGTTGCTATCCAGGCT-3' 
4 R 3 @B^IJ#-S- 6 5' -AATGAGGGCAGGACTTAGCTTC-3' 

± 0 f-^.— -f^mvmm^ ^^1000, 75^ 6*{c/j^tt u ss^ 

#gt^T\ 5 0 0G N 2 4^-C^UfCo ^fa-^^TEl« (pH8. 

0) 3OO^LIrJ0^ M'L^m^, 5 0 0G, #fc?#-Lfc 0 $fc8H3:2 

Htfro $ £ ^ — y ^ t E ( p H 8 . 0) lO^L^M, IK^iSBLb 

^1 :^t7-*-ai74/HincII (2. 6 fi g) 
W-^2 : l£*tt£ifflrRrtaft (1 0 n L) 
V— ^3 : gfc^CQ^ (ling) (10/xU 
^V4 : *5fc*H&<D$t (2|hIB) (lO^L) 
I — ^5 : mWk^^zf/^ ( 1 0 m D 
U—><2-tr{2, PCRW "9— *<?V^ F/^ ittl^tLTV^^lt^^So CO^V 
K<D{M{d\ ^yi©^tv-*-(7)4 9 5 bp©tltii:-efc^ 
(16$ 4-9 5 bp) tmWx&fc&o w-y 2©T^ti< I^s^y Ml zf? 

imm (om^m^m v >r« pcr & ssmx* &5ii^s 

VvrSftH3Lfc2S s mgf-fi, -ocr>^:^©«(Dii:^(i^ce-Mm-efe5/c46. 10mm 
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to. m— <d ; x/vfrbm^M&isfrtc.fcm&%:mMi^tL&, mx^m^m^o)^^? 

frbmmmxmv iz.< < K&wkk. &^xm<Dmmfrm±&frz> 0 

to. mx.\*. 7X2»-r-h imc*v-^-i»m) , usL^^i (^m^mm) 

oi^v^^n 5 F^tfM Lfc^tfe (#HPP5 - 1 8 4 3 9 7^ 

k&x%?>o ft^ftiikmjjm^a^ mald ie*^w^ijffl^#^.btL5 0 eosi^ 

TSK Kl&^IO— 2fcQM£rte^U MALD I ffi-^ h ]) y ? ^M^mimte t\ 
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S3?Utf>e£ : 25 

mwm : mm 

iB3?«J^W:«!l©»Sft (^filtDNA). 

TCACCCACAC TGTGCCCATC TACGA 25 

iH»^- : 2 
WM<D&& : 25 

sh^ijom : mm 

mn^mm i^mnk (^dna) 

CAGCGGAACC GCTCATTGCC AATGG 25 

mm^ : 3 

6B3aj0>ft& : 25 

la^ijcos : mwt 

m<Dlk : — 

ffi^J0>«S : «W>:|£B* (3-J&DNA) 

ATGCCCCCCC CATGCCATCC TGCGT 25 
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IH?iJO«£ :495 

mm<nm mm. 

%&i<DWM : Genomic DNA 
: Homo sapiens 

MM 

CATGTACGTT GCTATCCAGG CTGTGCTATC CCTGTACGCC TCTGGCCGTA CCACTGGCAT 
CGTGATGGAC TCCGGTGACG GGGTCACCCA CACTGTGCCC ATCTACGAGG GGTATGCCCT 
CCCCCATGCC ATCCTGCGTC TGGACCTGGC TGGCCGGGAC CTGACTGACT ACCTCATGAA 
GATCCTCACC GAGCGCGGCT ACAGCTTCAC CACCACGGCC GAGCGGGAAA TCGTGCGTGA 
CATTAAGGAG AAGCTGTGCT ACGTCGCCCT GGACTTCGAG CAAGAGATGG CCACGGCTGC 
TTCCAGCTCC TCCCTGGAGA AGAGCTACGA GCTGCCTGAC GGCCAGGTCA TCACCATTGG 
CAATGAGCGG TTCCGCTGCC CTGAGGCACT CTTCCAGCCT TCCTTCCTGG GTGAGTGGAG 
ACTGTCTCCC GGCTCTGCCT GACATGAGGG TTACCCCTCG GGGCTGTGCT GTGGAAGCTA 
AGTCCTGCCC TCATT 



mn<D-&& :22 
lot : — 

w&kom tow oa-j&DNA) 
mm 

CATGTACGTT GCTATCCAGG CT 



22 
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IE?l]#-5g-6 
mW<DM& : 22 

y-kuv— : mm. 

AATGAGGGCA GGACTTAGCT TC 22 
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4 . mum^mm^-m^^m-r s ^ t £ -r i , 2 xra 3 sm<D^mm 

1 0 . mmw/hmm(Dmmmu.\tmmmmm±M *m-tz> r. t * t 9 wm 

1 1 . mm®k'b-mm<Dmmm±L& v ^mr^ s ^ = — h ^-r s ~ t * 

1 2. snfcfctffcjf J¥£# 1 0 0 m mOT-e&^^i: 

Si**3S 8 XJi 9 |Eto®^*r& 0 
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1 4. mzx^^l*MM^T~71>*ht£&^b&m&k't'Z>m&r%l 3SB*W>KJ£3£ 



1 5. mmtcommm^^^mr^^^^-b^m^^^t^mt-r^m^mi 
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18. 



21 



10 



22 



120 




m±L : mm 
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